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This  atudy  vae  tha  fourth  in  a  aeries  of  research  projects 
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slued  at  deteralrlag  whether  learning  night  be  enhanced  by  eaploy- 
lag  instructional  methods  which  differed  la  design  ax ad  use  aa  a 
f «nctlsn  of  learner  charactarlatfca.  Baaed  on  lafereaces  drawn  f row 
studies  in  thla  series  and  other  research  literature,  a  nodal  was 
developed  enabling  tha  alaoltanaowa  rt  awl  nation  of  the  af  facta  of 
learner  character  1st  lea,  type*  of  learning,  Instructional  cathode, 
and  subject  natter  variable#  on  achlevewaat. 

Bach  of  ala  sxparlwtatal  courses  wwe  adwlaiatamd  to  barwann 
57  and  €0  Bevy  rolls  tad  wan  who  ware  previously  tea  tad  with  lnstru- 
aanta  which  yielded  a  total  of  39  wsaewran  of  tptlteds,  la rarest, 
and  personality  character  1st  Ice. 

Oorrelarlon  and  tfranalon  analyses  rsvoeled  no  consistent 
and  meaningful  interactive  relationships  existing  batwaan  learner 
characteristics  sod  types  of  learning  nr  types  of  subject  natter, 
analyses  did,  however,  rsvnal  an  apparently  consistent  and 
|fdl  Interaction  batwaan  1  ear  ear  anxiety  level  and  aethod  of 
Inn  traction  (inductive  vs.  deductive).  While  tha  magnitude  of  tha 
\  ohasrved  relationship  waa  not  sufficient  ta  give  prowiaa  of  I  wan  diets 
,  practical  application,  it  wan  concluded  that  tha  research  supported 
tha  existence  of  Individual  differences  in  learning  style. 
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Thla  report  describes  tha  raaulta  of  a  project  entitled,  "Training  Kgulpuent 
and  Individual  Dl ( ferencee Tha  purpoea  of  tha  project,  which  la  part  of 
a  Nuan  factors  Laboratory  long-range  program  of  applied  reaearch  on  learn¬ 
ing,  retention  and  tranafer  being  conducted  on  both  an  ln-houaa  and  contrac¬ 
tual  baala,  vea  to  detanaina  witather  employing  training  ayatraa  which  differ 
In  daalgn  and  uaa  aa  a  function  of  dlffarancaa  in  tralnaa  cbaractarlatiea 
raaulta  le  lncreaaed  training  efficiency. 

Three  aarllar  phaaaa  of  thla  projact  were  reported  In  the  following  Technical 
Report  a  by  C.  Kaaten  Tallaudga  and  Jaaaaa  V.  Shearer: 

KAVTXADXVCDI  66 -C -0043-1,  Kerch  1967  (AO  630680) 

KAVTRAOKVCnr  67-C -0114-1 ,  Key  1966  (AO  671842) 

HATTRAOXYCH  67-C-0114-2,  AuguaC  1966  (A0  674428) 

Coplee  of  that#  reporta  can  be  purchaaed  fma  either  tha  Defense  Doc  wants  t  Ion 
Canter  or  the  Clearing  House  for  federal  Scientific  and  Technical  Information, 
using  tha  A0  nueber  appearing  et  the  end  of  the  reference. 
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COB  S.  MI  CHILI,  rti.D. 

Ulan  factors  Laboratory 
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section  i 

UmtOBOCTXCM 

Individualization  of  lnatructlon  la  considered  by  many  to  be 
the  major  thrust  of  educational  Innovation  today.  In  its  broadest 
and  most  complete  application,  such  instruction  would  enable  each 
student  (a)  to  pursue  those  educational  goals  most  compatible  with 
his  unique  combination  of  aptitude,  Interest,  and  personality  char¬ 
acteristics,  (b)  to  proceed  through  instructional  sequences  leading 
to  these  educational  goals  at  his  own  pace,  and  (c)  to  work  with 
instructional  materials  which  match,  In  terms  of  techniques  and 
media,  his  particular  learning  style. 

No  existing  instructional  system  has  incorporated  all  three  of 
these  featurea  with  unqualified  success  —  largely  because  the  state- 
of-the-art  has  not  kept  pace  with  the  ideas  and  ideals  of  individu¬ 
alised  Instruction.  Progress  has  been  made,  however,  and  new  ave¬ 
nues  have  been  opened  up  which  enable  students  to  develop  their 
individual  talents  in  settings  designed  to  bring  everyone  to  his 
own  highest  level  of  achievement. 

There  are  many  differences,  of  course,  between  trslning  and 
education.  Perhaps  most  significant  is  the  difference  between  the 
strong  Job  orientation  of  most  training  programs  and  the  student 
related  objectives  frequently  reflected  by  modern  educational  prac¬ 
tice.  Clearly,  (.raining  must  ignore  that  feature  of  instructional 
individualisation  concerned  with  the  selection  of  topics  to  be 
s tod led. 

Individual last ion  through  pacing  is  ctrtalnly  feasible  in  meny 
training  situations.  Still,  axcapt  whare  manpower  resources  srs 
limited  or  where  tha  objectives  srs  to  upgrsds  certain  alamsnta  in 
tba  labor  narkat,  tha  aim  of  training  program  daalgn  la  generally 
to  achieve  a  specified  set  of  objectives  in  alnlmum  time  end  at  mini¬ 
mum  coat.  Thus,  if  differentially  paced  trslning  is  offered,  it 
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must  be  demonstrably  superior  to  standard  1  r.a t ru c 1 1  oq  on  bom  real¬ 
istic  cosl-eflcctlvcni'ss  criterion. 

The  thirl  approach  to  Individualizing  lnitrif tloo,  namely  that 
of  employing  training  systems  which  differ  In  design  and  use  as  a 
function  of  known  differences  In  characteristics  of  the  trainees, 
could  be  employed  as  well  In  Military  and  Industrial  settings  as  In 
standard  school  classrooms.  Relationships  oetween  learner  charac¬ 
teristics  and  the  techniques  and  aedlt  of  Instruction,  however,  have 
not  as  yet  been  clearly  established.  The  study  reported  here  repre¬ 
sents  an  attenpt  to  advance  the  current  state-of-the-art  with  respect 
to  understanding  such  relationships  by  employing  a  more  systematic 
Investigation  of  apparently  relevant  variables  than  has  ^«en  con¬ 
ducted  heretofore. 

A.  History  of  the  Project 

The  research  reported  here  represents  the  most  recent  of  a 
series  of  experimental  studies  conducted  by  the  American  Institutes 
for  Research  and  sponsored  by  tba  Naval  Training  Device  Center.  The 
purpose  of  all  of  these  studies  has  l.een  to  Investigate  the  feasi¬ 
bility  of  enl isnclng  training  effectiveness  by  employing  training 
systems  which  differ  In  design  and  use  as  a  function  of  known  char¬ 
acteristics  of  learners.  The  first  study  of  the  series  (Tsllmadge 
&  Shearer,  1967)  contrasted  two  experimental  versions  of  a  1  weak 
course  In  Maneuvering  Board  with  the  standard  version  of  the  course 
In  the  Radarman  Class  A  School  at  Treasure  Island,  California.  It 
produced  no  significant  Interactions  between  Instructional  method 
and  learner  characteristic  variables,  although  some  indirect  evi¬ 
dence  wee  produced  which  led  Tsllmadge  (1968)  to  speculate  that  the 
nature  of  the  material  to  be  learned  was  critical  and  needed  to  b« 
exanlned  as  a  separate,  independent  experimental  variable. 

This  hypothesis  was  the  basis  for  the  second  study  (Tsllmsdgs, 
Shearer,  6  Greenberg,  1968)  which  wee  designed  to  examine  higher 
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order  interactions  among  learner  characteristics,  instructional 
methods,  and  "subject  aatters."  Inductive  and  deductive  exper Loen tal 
courses  ~vre  developed  for  a  loglco-matbematlcal  subject  matter 
(Transportation  Technique)  and  a  visual  fora  discrimination  topic 
(Aircraft  Recognition) .  For  both  courses  Interactions  occurred  be¬ 
tween  noncognltivs  learner  characteristics  and  methods  of  Instruc¬ 
tion.  It  «aa  found,  however ,  that  the  direction  of  ths  relationships 
which  existed  between  learner  characteristics  and  method  of  instruc¬ 
tion  for  ths  Transportation  Technique  courses  were  reversic  for  the 
Aircraft  Recognition  courses.  In  other  words,  those  -7s  who  did  well 
in  tin  inductive  version  of  the  Transportation  Technique  course  had 
tha  same  characteristics  ss  5a  who  did  well  in  the  deductive  version 
of  the  Aircraft  Recognition  course.  Similarly,  5a  who  performed 
well  under  the  inductive  version  of  tha  Aircraft  Recognition  coarse 
had  ths  asms  characteristics  aa  those  who  performed  well  under  the 
deductive  version  of  the  Transportation  Technique  course.  The  rela¬ 
tionships  found  in  this  research  were  not  only  statistically  signi¬ 
ficant  but  appeared  (then)  to  be  of  sufficient  magnitude  to  have 
practical  utility. 

The  two  subject  matters  differed  in  a  number  of  ways,  and  It 
seemed  important  to  speculate  a a  to  which  of  the  differences  warn 
responsible  for  reversing  tha  observed  relationships  between  learn¬ 
er  characteristics  and  Instructional  methods.  The  experimenters 
first  hypothesised  that  the  meaning  fulness  of  the  subject  matter  warn 
the  critical  variable  and  pointed  out  that  tha  Transportation  Tech¬ 
nique  topic  was  governed  by  "rules"  which  make  sense  intuitively  and 
have  the  asms  kind  of  truth  am  equations  in  physics.  The  "rules" 
governing  Aircraft  Recognition,  on  the  other  hand,  were  described 
as  arbitrary.  They  could  only  be  learned  by  rota  and  did  not  asks 
sense  sines  they  possessed  no  inherent  logic,  or  truth. 


3 


KAVTRA2 CVCni  »3~C-«271-1 


later,  hjvwvr,  a i  part  of  aa  attaapt  to  build  a  eod*'  reiatlcg 
typas  o<  tub )*c t  matter,  typea  of  learning,  and  typao  of  taachlng 
to  achievement  difference*,  Tallma4|t  and  Shearer  (1963)  noted  and 
described  how  type  of  subject  natter  and  type  of  learning  had  been 
confounded  In  the  Tallnadg#  et  al.  (1964)  study.  for  the  "aeanlng- 
ful  rules"  aubject  natter  (Transportation  Technique),  the  Inductive 
count#  had  taught  concepta  and  princlplea  in  addition  to  problew 
solving  procedures.  The  deductive  courae,  on  the  other  hand,  vae 
United  to  coverage  of  the  problen  solving  procedures.  Thus  it  van 
not  possible  to  determine  whether  the  observed  interaction  for  the 
Transportation  Technique  topic  was  between  learner  characteristics 
and  Instruct  tonal  net  hod  a  or  between  learner  characteristics  end 
typea  of  learning.  This  unanswered  question,  plus  others  raised  bp 
atudy  reaulta  presented  in  the  literature,  formed  the  basis  for  the 
research  reported  here.  A  more  specific  problm  statement  la  pre- 
senttd  later  in  this  report. 

t.  Statue  of  Learning  Style  Research 

Previous  reports  in  this  series  have  attempted  to  present  rea¬ 
sonably  complete  literature  reviews.  Two  recent  reports,  however, 
(Cronbach  6  Snow,  1969;  Brecht,  1969)  have  reviewed,  critiqued,  and 
euenar <ted  published  studies  in  a  meaner  far  beyond  the  scope  of  this 
report,  it  was  considered,  therefore,  more  appropriate  to  eunnarlta 
the  conclusions  of  thee#  authors,  asking  occasional  reference  to 
particularly  critical  studies,  rather  than  attempting  to  duplicate 
their  efforts. 

It  wee  readily  apparent  Iron  even  a  cursory  review  of  tha  two 
report  .  cited  above  that  these  authors  have  adopted  a  more  cautious 
attitude  toward  the  existence  of  sees Ing ful  Interactions  between 
learner  characteristic  end  instructional  natbod  variables  than  was 
prevalent  only  a  year  ago.  Bracht'a  literature  review  an  wear  ins 
none  90  studies  of  which  only  5  produced  interactions  which  net  his 
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stringent  and  rather  unusual  criteria  for  mesalac fulness.  Accord¬ 
ing  to  B  racht,  aa  vail  aa  to  many  othar  imraat lgator a ,  as  loter- 
actioa  In  order  to  be  meaningful  nuat  ba  dlaordlnal  —  meaning  that 
tha  regression  llnaa  for  different  treatment  groups  euat  croea  with¬ 
in  the  range  of  experienced  predictor  acorea.  (Brecht  talks  about 
"treatment  llrveia”  aa  opposad  to  regreaaloa  lines.  A  treatment  11ns 
is  simply  a  11ns  cooaecclng  the  plotted  sees  achievement  acorea 
attained  by  hoaaogeoeoualy  grouped  learners  under  the  various  treat- 
east  conditions.)  Brecht  clalas  that  not  only  euat  the  treatment 
llnaa  cross  but  that  tha  achievement  acorea  attained  by  each  group 
of  learners  euat  differ  significantly  free  treatment  to  treatment. 

In  ocher  vorde,  for  a  study  involving  the  eex  of  the  learner  end 
instructional  method,  one  method  most  be  elgnlf lcantly  superior  for 
males  and  tha  other  method  significantly  superior  for  f males. 

Bracht's  position  with  respect  to  the  Utter  criterion  is  beyond 
refutation  when  the  learner  characteristic  variable  is  a  true  dichot¬ 
omy  such  as  sex.  When  the  learner  characteristic  of  lntarest  la  a 
continuum,  such  aa  a  general  or  specific  aptitude,  consideration  of 
the  range  of  talent  included  In  the  experimental  groups  la  clearly 
relevant.  Nonsignificant  differences  obtained  with  a  restricted 
range  of  talent  could  very  well  be  both  statistically  and  practi¬ 
cally  significant  for  a  population  embodying  a  wider  range  of  talent. 

Also,  where  continuously  variable  learner  characteristics  are 
be  lag  lavas  tigs  tad,  the  manner  in  which  5a  are  sorted  into  high  sod 
low  groups  becomes  <juita  critical.  If  the  median  predictor  score 
for  tbs  entire  experimental  sample  in  aaad  ss  a  cutoff  point,  r' 
probability  of  flndlag  a  eigmlfleuat  difference  between  meen  achieve- 
meat  acorea  la  lowered  by  aa  meount  proportional  to  tha  difference 
between  this  group  asdics*  and  the  point  on  the  c optimism  of  predictor 
•cores  where  the  two  regress  ion  (or  treatment)  lines  cross.  This 
general  consldaratloa  baa  been  alluded  to  by  Croabacb  and  Snow  (1969) 
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tiut  In  JI  <1 1  f  1 1' r i-nt  runlrU.  They  have  atreeaeO  ttv*  laportancr  of 
repor* In*  «•  hiti’ii  uaed  Co  aort  .‘"a  Into  IiIrIi  .irul  lux  croups 

(vhetit.  r  or  ih>c  tlicae  atorea  were  croup  medians)  in  order  that  coa- 
pxrteon*  could  be  aadr  between  different  atudlea  employing  the  ease 
predictor  variables. 

A  second  argument  against  accepting  Bracht’s  criteria  for  mean¬ 
ingful  interactions  applies  with  equal  validity  to  aany  other  authors 
sad  concerns  the  supposed  necessity  for  retrassloa  (or  treatment) 

11  oca  to  cross  within  the  experienced  range  of  scores.  The  objec¬ 
tion  hare  Is  that  It  la  seldom  possible  to  develop  two  Instructional 
traataents  Involving  nontrivial  learning  which  differ  only  In  teraa 
of  the  one  nominal  experimental  variable. 

Aa  nost  practitioners  of  programmed  Instruction  will  readily 
verify,  the  teaching  effectiveness  of  any  Instructional  material  can 
be  greatly  enhanced  through  a  systematic  process  of  empirical  tryout 
and  revision.  Rarely,  however,  are  materials  devsloped  for  research 
on  possible  interactive  relationships  between  learner  characteris¬ 
tics  sod  Instructional  variables  submitted  to  such  rigorous  refine¬ 
ment.  It  is  quite  possible,  then,  that  where  regression  or  treat¬ 
ment  lines  do  not  cross,  it  is  erroneous  to  conclude  that  one  type 
of  trsataant  Is  superior  for  all  5s.  It  amy  simply  be  that  on#  par¬ 
ticular  Instructional  treatment  employed  In  tba  study  was  a  poor 
uxample  of  the  type  of  treatment  it  was  designed  to  represent.  This 
point  Is  covered  again  in  the  Discussion  section  of  this  report. 

There  is  no  intention  hern  to  discuss  In  groat  detail  methodo¬ 
logical  problems  associated  with  research  in  the  arev  cf  letrrrr 
characteristic  by  instructional  treatment  interactions.  In  discuss¬ 
ing  the  fairly  negative  conclusions  reached  by  Cron bach  and  Snow 
(1969)  and  Iracht  (1969),  it  la  important,  however,  to  point  out  that 
they  may  have  rejected  a a  meaningless  same  results  which  could  he 
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Interpreted  differently  by  ••ploying  different,  but  equally  rtuon- 
able,  sat*  of  •••umptlooe. 

In  eummerlalng  hla  review  of  fha  literature,  Bracht  rt ached 
but  few  conclusions,  and  even  *heee  ha  qualified  carefully  (as  ha 
should  hr* a  doue  aftar  finding  but  3  Meaningful  Interactions  In  tha 
90  studies  ha  relieved).  These  tentative  conclusions,  nevertheless, 
are  worth  repeating  hers,  at  least  for  purposes  of  comparison  with 
those  of  other  Investigators.  Ha  felt  that  tight  control  over  tha 
trsataant  variables  was  an  almost  necessary,  but  not  sufficient, 
condition  for  obtaining  learner  characteristic  bp  treatment  Inter¬ 
actions.  While  studies  using  laboratory  type  learning  taaka  nay  be 
somewhat  sterile,  aors  studies  employing  such  learning  tasks  have 
produced  significant  interactions  than  studies  employing  learning 
tasks  more  typical  of  the  classroom.  Whether  this  difference  is 
attributable  to  tha  purity  of  the  laboratory  learning  task,  or  to 
the  extent  of  control  the  experimenter  has  over  the  treatment,  or 
both,  cannot  be  deteralued  at  this  time.  Certainly,  however,  if  one 
were  attempting  to  design  a  study  to  investigate  the  possible  exis¬ 
tence  of  learner  characteristic  by  treatment  interactions,  he  would 
be  well  advised  to  use  a  homogeneous  learning  task  and  to  maintain 
tight  control  over  the  treatment  administration. 

In  speculating  about  those  laamar  characteristics  most  likely 
to  interact  with  instructional  treatment  conditions,  Bracht  was  more 
optimistic  than  Cronbach  and  Snow  regarding  the  interactive  potential 
of  personality  characteristics.  With  respect  to  ability  variables 
the  two  reviews  also  differed.  Bracht  fait  that  factorlally  simple 
variables  were  more  likely  than  factorlally  complex  variables  Co 
interact  with  instructional  treatments.  Cronbach  and  Snow  bald  ths 
opposite  view. 

Two  of  the  five  meaningful  Interactions  reported  by  Bracht 
involved  personality  character  1st  ice.  These  characteristics  were 
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Need  (or  Af filiation  mistakenly  called  Reed  (or  Achievement  by 
Brecht  on  pp.  UO,  149  of  hia  report),  and  Introvvralon-extroversloe. 
These  f lnd  lii*»  led  Bracht  to  suggest  that  the  peraonallty  domain 
vaa  deserving  of  furthar  Investigation.  Cronbach  and  Snow  (1969) 
vara  leaa  enthusiast lc  although  Cronbach' a  (1966)  earlier  poe It ion 
vaa  that  "tha  Interacting  variablaa  r*?  hrea  nora  to  do  vlth  per¬ 
sonality  than  vith  ability  (p.  90)."  la  thalr  1969  report,  thaaa 
authors  decried  learning  style  studies  involving  peraonallty  vari¬ 
ables  describing  the*  as  "disappointing  and  unencouraging  (p.  173)." 
At  tha  eaaw  tine,  however,  they  described  a  number  of  studies  re¬ 
porting  significant  peraonallty  charsctarlstlc  Interactions.  In 
fact,  on  p.  139  of  thalr  report,  they  indicated  that  they  had  found 
repeated  hints  in  the  literature  of  an  interaction  betveen  anxiety 
and  instructional  treatment  variables.  This  conclusion  was  consis¬ 
tent  vith  the  findings  of  the  Tallaedge  at  al.  (I960)  study. 

Although  neither  Cronbach  and  Snow  nor  Bra:ht  offered  any  gen¬ 
eralisations  about  sea  differences,  this  factor  has  shown  up  la  a 
sufficient  nunber  of  studies  reporting  significant  interactions  to 
be  worthy  of  motion  here.  While  the  following  list  is  not  Intended 
to  be  exhaustive,  interactions  betveen  the  sex  of  the  leaner  end 
instructional  variables  vara  reported  by  Amatrong  (1969),  Farley 
and  Kanaka  (1969),  Fern  ay  (1969),  ritumalsr  and  Quilling  (I960), 
and  Tenner  (1960).  In  addition,  tha  Tall  sedge  at  al.  (1960)  study 
apparently  found  an  interaction  involving  tha  nasculinlty-fsnlalnlty 
personality  dimension. 

Despite  the  existence  of  soaM  apparent  consistency  in  the  re¬ 
search  literature,  an  overview  would  certainly  uncover  wore  negative 
than  positive  findings  and  nore  Inconsistencies  than  consistencies. 

If  different  learning  styles  exist,  they  are  indeed  elusive  —  e 
conclusion  anply  deaooatratcd  by  the  research  of  fender  woe  (1969). 
After  revising  an  Instructional  treatment  to  simplify  it  and  reduce 
the  tine  consumd  by  its  administration,  be1  found  that  sptitude- 
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trtiCMnt  Interactions  ottalned  with  tha  original  instruction  war* 
w>wj  for  tha  revised  version.  A  study  by  Burton  and  Goldback 
(1962)  offer*  furthar  evidence  supporting  tha  unpleasant  possibility 
that  reducing  the  difficulty  of  tha  learning  taak  aay  rrvaraa  sptltuds- 
treatment  rslstlonaMp*. 

C.  Statawnt  of  tha  Froblen 

Many  unanswered  questions  relevant  to  tha  learning  atyla  laeua 
ax la ted  at  tha  tlaa  tha  present  project  was  Initiated.  It  waa  felt, 
however,  that  tha  aoet  recently  completed  atudy  of  this  aeries 
(Tallaadga  at  al.,  1968)  had  established  acute  aaanlngful  relatloa- 
ahlps  which  would  stand  up  under  replication  and  which  t^uld  have 
practical  significance  for  levy  training  prograaa  even  before  tha 
rmnslntng  quaatlona  were  answered.  Tot  this  reason,  tha  present 
study  was  undertaken  largely  as  an  experimental  demonstration  pro¬ 
ject  adding  juat  a  few  Innovations  to  tha  previously  employed  model 
to  seek  answers  to  specific  questions  raised  by  tha  earlier  research. 

The  primary  research  concern  of  tha  present  study  was  resolving 
the  question  of  whether  type  of  teaching  (inductive  vs.  deductive) 
or  type  of  learning  (understanding  vs.  rote)*  was  responsible  for 
the  observed  Interaction  effects.  A  second  research  concern  was  par¬ 
tial  verification  of  the  hypothesis  that  the  "meaningful  rules  — - 
arbitrary  rules"  dichotomy  was  responsible  for  the  observed  reversal 
of  learner  characteristic  by  Instructional  method  Interactions  which 
occurred  as  a  function  of  training  topic  differences.  Finally,  It 
was  hoped  that  the  study  would  both  verify  inferences  ssde  about  rele¬ 
vant  learner  characteristic  variables  end  sharpen  their  measurement. 

*  Type  of  learning,  as  that  phrase  is  used  here.  Is  certainly  not 
Independent  of  type  of  teaching  (see  Tel  Inedge  and  Shearer,  1968, 
for  a  detailed  discussion  of  this  point).  This  label  was  chosen, 
despite  its  potential  for  confusion,  because  other  alternatives 
appeared  to  be  still  more  confusing. 
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Aside  l rosi  these  research  considerations  and  the  experlaental 
•ode  1  change#  necessitated  by  their  lsplesantatlon,  the  study  design 
was  highly  slnllar  to  that  of  the  Tallmadge  et  al.  (1968)  study 
although  It  Involved  different  training  topics.  (Hots:  A  soeevtvat 
briefer  suasary  of  thla  research  was  published  by  Tallmadge  and 
Shaarer  in  1969).  The  next  section  of  this  report  provides  specific 
details  on  the  experlnental  design. 
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s  renew  n 

METHOD 

This  study  wan  the  fourth  of  s  series  of  research  projects 
aimed  st  determining  whether  learning  sight  ho  enhanced  by  eoployln* 
Instructional  methods  which  differed  In  design  sikJ  use  as  a  function 
of  learner  characteristics.  It  was  a  logical  outgrowth  of  these 
studies  but  reflected  the  findings  of  othsr  published  resssrch  ss 
well. 

The  basic  experimental  design  nod si  shown  in  figure  1  wsa  first 
dsscrlbsd  by  Tsllaadge  and  Shasrsr  in  1968.  As  shown  In  figure  1, 
ths  design  permits  Independent  examination  of  two  different  subject 
■attars,  two  different  types  of  lsarnlng,  and  two  different  types  of 
teaching,  ss  well  as  interactions  among  these  variables.  A  fourth 
dimension,  learner  characteristics,  la  not  shown  on  the  model  but 
la,  of  course,  an  essential  Ingredient  of  any  research  of  this  type. 


SUBJECT  MATTERS 

Meaningful 

Rules 

Arbitrary 

Rules 

TTFE3 

OF 

L1ARX1NC 

Understanding 

1  Expository/  x 

Deductive  X 

2  Inductive/  V 

Discovery  Jx 

| 

1 

"Hots" 

3  Expository/ 
Deductive 

3  Expository/ 
Deductive 

4  Inductive/ 
Discovery, 

4  Inductive/ 
Discovery 

Figure  1.  Model  showing  relationships  among  instructional 
methods,  subject  matters,  and  types  of  learning. 
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Became  there  can  ba  no  ouch  thin*  aa  "understanding  learning" 
of  "arbitrary  rules"  subject  matter,  the  Figure  1  model  does  not 
represent  a  complete  factorial  design.  It  may ,  however,  be  regarded 
as  two  overlapping  complete  factorial  designs.  For  the  "meaningful 
rules"  subject  matter,  types  of  learning  and  types  of  teaching  con¬ 
stitute  one  2x2  complete  factorial  design.  Within  the  "rote"  type 
of  learning,  subject  matters  and  types  of  teaching  constitute  a 
similar  design. 

If  one  or  more  of  the  three  independent  treatment  variables 
proved  not  to  affect  relationships  between  learner  characteristics 
and  achievement,  treatment  groups  could  ba  combined  in  appropriate 
ways  to  provide  larger  sample  sites  and  thus,  mors  sensitive  tests 
of  interactive  relationships  between  learner  characteristics  and 
instructional  treatment  conditions, 

A.  Selection  of  Individual  Difference  Measures 

There  wars  two  primary  bases  for  the  selection  of  individual 
difference  measures  to  be  used  in  the  present  study.  Crsatsat 
dependence  was  placed  on  the  findings  of  earlier  studies  in  this 
series,  but  measures  which  showed  promise  in  other  published  learn¬ 
ing  style  research  studies  were  also  given  careful  consideration. 

For  the  moat  part,  esphaals  waa  placed  on  the  selection  of  noo- 
cognitivs  individual  difference  measures  sj  previous  studies  in  this 
series  (Tsllmadgs  &  Shearer,  1967}  Tallmedgs  at  si.,  I960)  strongly 
suggested  that  learning  styles  are  independent  of  either  general  or 
specific  iptitudt  and  ability  traits.  Within  the  noocognltlve 
domain,  the  Tallmedgs  at  al.  study  pointed  to  tba  following  dimen¬ 
sions  as  particularly  relevant:  (1)  masculinity- femininity  (a  term 
traditionally,  but  perhaps  misleadingly,  used  by  psychologists  to 
describe  patterns  of  interests  ranging  from  scientific- technological 
to  social-aesthetic),  (2)  introversion-extroversion,  end  (3)  anxiety 
level.  No  direct  ms asur as  of  these  psychological  dimensions  wars 
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reployvd  Id  tha  cited  study.  They  were  inferred  fro*  the  pattern* 
of  Individual  Interest  and  paraonality  scale*  which  appeared  In 
regression  equations  generated  through  use  of  the  UCLA  BMD— 02R 
Stepwise  Regression  cooputer  program.  It  was  decided  that  all  scales 
which  appeared  In  those  regression  equations  would  be  employed  again 
In  the  study  described  here,  and  that  more  direct  measures  of  the 
Inferred  dimensions  would  also  be  used. 

Based  on  these  considerations,  carry-over  teste  from  the  earlier 
study  were  the  Ruder  Vocational  freference  Record  and  the  Cordon 
Personal  Profile.  Since  scores  on  the  Navy  Basic  Bactery  tests 
(General  Classification,  Arithmetic,  Kachan leal,  and  Clerical)  were 
readily  available  from  existing  Wary  records,  these  measures  were 
also  included.  The  search  for  taste  to  measure  the  masculinity- 
femininity  personality  dimension  produced  one  or  two  instruments 
specifically  designed  for  this  purpose.  Close  exsminstion  of  them, 
however,  revealed  that  they  were  both  lengthy  end  dated.  They  did 
not  sppesr  epproprlste  for  administration  to  s  group  of  Savy  enlisted 
men  in  1969.  It  was  concluded,  however,  that  several  readily  avail¬ 
able  personality  teats  produced  scores  at  least  highly  correlatad 
with  the  masculinity-femininity  dimension. 

Similar  conaldaratlotui  applied  to  tests  of  anxiety,  end  again, 
it  seemed  more  appropriate  to  select  a  wide-range  personality  test 
rather  than  ona  of  the  highly  specific  tests  of  anxiety  currently 
available.  Buros'  Sixth  Mental  Measurements  Yearbook  (196S)  was 
used  to  identify  available  inatraeista  which  yielded  scores  appro¬ 
priate  for  the  purposes  of  this  study  as'  well  as  to  provide  some 
preliminary  evaluative  data.  Candidate  instruments  warm  subsequently 
reviewed  by  project  personnel  end  the  Sixteen  Personality  Factor 
Questionnaire  waa  selected  as  the  instrument  most  likely  to  provide 
useful  scores  relevant  to  masculinity-femininity  end  anxiety,  as 
well  as  other  potentially  useful  scores.  After  following  a  similar 
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■election  process,  the  Eysenck  Peroonellty  Inventory  vee  selected 
ss  providing  vhat  appeared  to  be  the  no  at  appropriate  measure  of 
lntroverslon-e  vitro* erslon  for  the  purposee  of  thia  study. 

The  Set  Toward  Education  scale  (Capretta,  Jones,  Siegel,  4 
Siegel,  1963),  a  forced  choice  test  scored  on  a  c  cm  Cl  nut*  charac¬ 
terised  on  the  one  hand  by  predisposition  to  learn  laolated  facts 
and  on  the  other,  by  a  predisposition  to  learn  principles  and  con¬ 
cepts,  waa  also  Included  in  the  battery.  Vhi’e  research  ualng  this 
Instrument  had  not  shown  it  to  interact  algnil  cantlz  with  instruc¬ 
tional  treatment  conditions,  it  appeared  particularly  likely  to 
detect  interactions  between  learner  characteristics  and  the  under¬ 
standing  va.  rote  learning  dimension  of  tha  preaent  study. 

Two  other  teats  selected  froa  tha  Kit  of  Reference  Teats  for 
Cognitive  Factors  (French,  Ekatroa,  4  Price,  1963)  were  included  in 
the  battery.  While  there  was  sons  evidence  in  tha  literature  that 
tha  selected  Hidden  Figures  and  Cestalt  Completion  teats  showed 
promise  for  learning  style  research,  they  were  included  in  the 
battery  as  much  for  tha  purpose  of  breaking  the  monotot  r  it  the 
lengthy  interest  and  personality  tests  as  for  any  other  purpose. 

Finally,  a  specially  prepared  Biographical  Inventory  was  includ¬ 
ed  in  tha  battery  since  a  study  by  Snow,  Tiffin,  and  Seibert  (1963) 
provided  some  indication  that  certain  biographical,  or  personal 
history,  data  are  predictive  of  learning  styles.* 


*  Biographical  instruments  of  tha  type  used  in  this  study  do  not 
yield  total  scores  and  must  be  analysed  in  terms  of  patterns  of 
response  to  individual  items.  This  type  of  analysis  waa  considered 
to  be  beyond  the  scope  of  the  present  atudy.  At  the  time  the  study 
waa  undertaken,  however,  it  seemed  probable  that  a  working  agreement 
could  be  arranged  with  tha  Psychology  Department  of  Stanford  Univer¬ 
sity  whereby  a  graduate  student  could  cooduct  tha  required  analyses 
at  no  cost  to  the  project.  Delays  were  encountered,  but  the  project 
la  now  in  progress.  Should  It  produce  significant  results,  they 
will  constitute  the  basis  for  a  supplementary  report. 
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The  final  battery  ol!  individual  difference  Kaiurei,  then, 
conaiated  of  the  follovlng  instruments: 

o  Kudar  Vocational  Preference  Record  (Fora  BB) 
o  Cordon  Peroonal  Profile 
o  Eysenck  PeraonaliCy  Inventory  (Fora  A) 
o  Sixteen  Personality  Factor  Questionnaire  (Fora  B) 
o  Sat  Toward  Education  Scale 
o  Cest^lt  Completion  Test 
o  Hidden  Figures  Teat 
o  Biographical  Inventory 

B.  Selection  of  Training  Topics 

Several  criteria  were  established  for  selection  of  the  two 
courses  to  be  developed  and  taught  experimentally.  First,  because 
so  little  was  known  about  the  conditions  under  which  learning  styles 
could  bo  observed,  there  were  obvious  reasons  for  selecting  training 
topics  which  differed  as  little  as  possible  (consistent  with  other 
objectives  of  the  research)  from  those  successfully  employed  In  the 
earlier  Tallmadge  et  al.  (1968)  study.  Minimum  requirements  were 
that  one  course  should  cover  a  "meaningful  rules"  topic  and  the  other 
an  "arbitrary  rules"  topic  and  that  each  should  be  as  homogeneous 
as  possible  with  respect  to  types  of  skills  and  knowledges  required 
(e.g.,  faetorlally  simple).  It  was  also  necessary  that  both  subject 
matters  be  amenable  to  both  an  Inductive  or  discovery  instructional 
approach  and  an  expository-deductive  approach. 

Another  criterion  related  to  the  selection  of  courses  was  that 
they  should  be  relevant  to  Navy  training  programs.  While  it  was 
not  considered  essential  that  the  content  taught  be  Identical  to 
segments  of  existing  Navy  programs,  it  was  felt  that  sufficient 
similarity  should  be  provided  to  permit  tha  study  findings  to  be 
generalised  to  Navy  applications. 
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f,>jr  additional  criteria  vara  gmaraltd  aa  a  reault  cf  practi¬ 
cal  c ona ldcrj t  Iona :  (1)  tha  aaiactrd  courses  had  to  be  amenable  to 
croup  jdalnlatra' Ion,  (2)  large  aod/or  expensive  equlpaaat  rrqairn- 
-eota  h.id  to  be  lv'tded,  (3)  prerequisite  skills  had  to  b«  slnlnel 
to  avoid  extensive  pre-training  or  tha  oaaU  to  wee  Mg-.ly  selected 
subject  populations  and  (4)  tha  topics  osd  to  b«  "nev"  to  the  "a. 

Finally,  It  vas  considered  desirable  (or  the  courses  to  Involve 
Che  use  of  existing  Navy  training  devices. 

Preliminary  discussions  held  vl th  cognizant  NTDC  personnel 
resulted  in  the  ldentlf lcstion  of  a  number  of  training  programs  and 
devlcee  which  appeared  to  meet  the  requirements  described  above  and 
eight  prove  to  be  satisfactory  vehicles  for  the  experimental  demon¬ 
stration  program.  Subsequent  to  theme  discussions,  project  pereonmal 
consulted  vlth  several  subject  setter  and  training  experts  to  delin¬ 
eate  sort  specifically  the  contest  and  nature  of  the  experimental 
training  courses,  based  on  these  discussions.  It  sea  concluded  that 
Celestial  Navigation  and  Aircraft  Recognition  would  satisfy  ail 
criteria  relevant  to  the  selection  of  material  for  experimental 
training. 

Tha  first  of  these  topics.  Celestial  Navigation,  was  almost 
entirely  numerical  la  content  vlth  only  a  very  few  simple  plotting 
requirements.  Arithmetic  skills  (addition,  subtraction,  and  multi¬ 
plication)  were  Its  only  prerequisites,  yet  it  was  not  likely  chat 
any  of  the  experimental  r>%  would  harm  been  exposed  to  it  previously. 

The  second  selected  topic.  Aircraft  Recognition,  had  been 
employed  in  the  previous  year's  study  end  repaired  only  visual  dim¬ 
er  lnlnatlon  skills.  The  specific  experimental  training  cask  was  to 
identify  aircraft  from  serial  photographs.  Learning  of  this  topic 
Imposed  no  requirements  for  acquisition  of  prerequisite  skills  or 
knowledges.  The  topic  also  bed  the  advantage  that  few,  if  say,  ef 
the  experimental  ~a  would  have  had  prior  experience  in  the  area. 
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The  contents  of  tha  two  topics  wars  distinctly  different.  Thsv 
require*!  fsctorlally  distinct  1 earner  abilities,  yet  each  topic  vas 
Internally  howogvneoua,  and  both  vers  at  least  partially  relevant 
to  Navy  career  flclda. 

C.  Sevelopaent  of  Experlnental  Coureea 

Courses  to  be  weed  la  this  study  were  developed  by  project 
personnel  with  consulting  assistance  Iron  subject  natter  experts. 
Since  the  courses  covered  fairly  basic  topics,  a  slalom  of  consult¬ 
ing  eld  was  necessary.  The  courses  were  designed  for  noraal  class¬ 
man  presentation  to  reflect  standard  Itavy  training  practices. 

Although  training  tins  requirements  differed  sosnbat  as  s 
function  of  the  subject  natter  being  taught,  tbs  two  Aircraft  Recog¬ 
nition  courses  were  closely  equalised  in  tarns  of  training  tine  os 
were  the  four  Celestial  navigation  courses.  Since  warm  material  was 
taught  In  the  understanding  Calastlal  navigation  courses  than  In 
tbs  rots  courses,  additional  practice  exercises  end  drills  were 
Incorporated  Into  the  rota  courses  to  accomplish  tha  desired  tine 
equalisation. 

1.  Celestial  navigation 

Four  experimental  Celestial  Navigation  courses  wars 
developed  for  use  In  the  study:  Indue tive-Olscovery- 
Ondar standing,  Eaposltory-Deductlvs-Onderstandisg,  Inductlve- 
D  lac  ovary- Rota,  and  Expos  1  to  ry-Oedoctlve-Rots.  The  courses 
vers  designed  to  teach  5s  how  to  set  up  and  solve  s lapis 
navigation  problaan  using  procedures  adapted  specifically 
for  the  study. 

Tha  four  experimental  courses  cover sd  the  following 
topics:  (1)  convert lag  local  tins  to  Crssnvlch  Mann  Tins, 

(2)  determining  the  location  (latitude  and  longitude)  of 
tbs  Geographical  Position  (CP)  of  a  star,  (3)  finding  the 
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1 

I  dlitire  f r cm  a  sMp’e  t rue  position  to  th«  Geographical 

1  Position  of  a  star.  (4)  detcrrlalog  the  altitude  dltfer- 

rrves  of  a  atar,  (5)  plotting  a  a  Quean  positions,  bearing 
lines  of  atars.  and  llnea  of  poaltloa,  and  (6)  ibtalning 
true  position  flxee.  la  addition,  J a  vara  praaaotad  with 
a  review  of  tha  f ol lowl og  toplca:  coordinate  plotting, 
latitude  and  longitude,  angalar  neasureaeat,  and  uaa  of 
a  protractor.  The  courses  included  lactura  praaaatatloa, 
chalkboard  pranantatlcoa,  practice  problem  (handout a), 
cud  review,  Navy  training  device  1X3,  a  "Celestial 
Navigation  Sphare,"  waa  used  to  help  explain  a  w—bv 
laportant  navigational  concepts  la  the  two  "understanding" 
coursaa  but  waa  not  usad  la  tha  rota  course*. 

Because  of  tha  caaplsxity  of  tha  subject  natter, 
course  coverage  had  ti  be  reatricted  la  tha  following 
weya  In  order  Co  stay  within  reaaonabla  t Lae  Halts: 

o  The  use  of  tha  sun,  noon,  and  planets  for  navi* 
gat  local  purposes  was  not  Included.  Cower  age 
wee  reatricted  to  stars, 
o  Tha  ailautha  of  tha  Geographical  Posit  Iona  of 
tha  observed  stars  —  normally  rand  out  of  the 
nine  voluao  I.  0.  214  Publication  ~  warn  "given" 
to  avoid  tha  necaaalty  of  providing  all  students 
with  copies  of  till  publication, 
o  lavlgatlooal  problem  vara  restricted  to  tha 
Northern  Mania phere  and  Co  longitudes  between 
0  and  180*  Vest. 

o  All  celestial  observations  wars  nods  exactly  on 
tha  hour  to  avoid  difficult  interpolation  problem, 
o  Tha  as  amp  t  loo  waa  aada  that  ac  now  am  at  of  tha 
navigating  vassal  occurred  between  pairs  of 
obsarvatloos. 
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o  Correct  lens  of  oVs* real  local  date  (or  chroaoMttr 
•  rror  and  for  ttio«fa«rk  r« tract lem  wan  emitted. 

o  Certain  t  vrwloolog  leal  eLapllf icatlona  w*  — p toy— . 

The  a lnpllf Icatlona  made  la  the  subject  utter  were  pointed 
out  to  the  students  at  appropriate  places  la  the  courses  to 
minimise  possible  aetattre  traaefer  should  toy  of  thorn  receive 
celestial  navigation  training. 

la  order  to  illuetrato  aore  precisely  the  ipaclflc  aatvre 
of  the  (our  Celestial  Navigation  courses,  excerpt  a  ( roe  these 
courses  era  preseetaf  la  tba  Appendix  to  thla  report. 

2.  Aircraft  Kscogaltlon 

Two  esperlaratal  c  our  see  which  were  (eplcped  during  the 
previous  phase  of  the  research  were  weed  la  the  preaeet  study 
with  oolp  minor  eod  1  fleet loaa.  The  cow r see  involved  a  visual 
discrimination  task,  l.e. ,  that  of  identifying  aircraft  (roe 
serial  photo* raphe .  One  of  the  courses  was  designed  to  he 
deductive  and  the  other  inductive  in  order  that  the  too 
courses  would  he  comparable  to  the  two  "rote**  Celestial 
Navigation  courses  with  respect  to  training  methods  seed. 

The  instruction^  materials  used  la  the  Aircraft  tecogml- 
tloa  courses  were  developed  la  the  following  a  earner.  Initi¬ 
ally,  aerial  photographs  of  a  large  number  and  variety  of 
aircraft  were  obtained.  Hlcvo-photogrcpbe  were  them  taken 
and  aircraft  were  selected  for  inclusion  in  the  two  experi¬ 
mental  courses  which  provided  for  variety  la  terms  of  site, 
configuration,  etc.  Another  criterion  for  Inclusion  was 
the  availability  oS  several  dlffereat  photographs  of  each 
aircraft  to  enmaro  vsriety  (ran  the  at  endpoint  of  ease  of 
Identification. 
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Two  sv( m  oC  black  and  vMti  .lid#*  ware  nnt  pre¬ 
pared.  The  Clrst  set  consisted  o(  alldaa  of  portion# 
of  aerial  photographe  designed  to  show  bow  aircraft 
appear  In  serial  photo# rapha.  Thia  aat  of  alldaa  also 
Illustrated  som  of  tha  common  problems  me  out  tar  ad  by 
photot nterpretera  which  render  aircraft  ldeatlf lcatloa 
difficult.  Included  ware  examples  which  showed  poor 
contrast  between  aircraft  and  background,  distortion, 
and  partial  obscuring  of  aircraft  by  clouds,  hangar 
roofs,  and  csawuf  lags.  Tha  aecood  aat  of  alldaa  Included 
top  view  silhouettes  of  all  aircraft  to  be  taught  in  tha 
eaperlnental  courses.  This  latter  group  of  alldaa  wan 
selected  f ran  the  Aircraft  Kacognltloa  tilde  Kit  (Xsvy 
training  device  SQQ*).  Modifications  were  made  to  these 
allies  to  allnlnata  all  aactpt  top  vlawn. 

Tha  deductlva  course  also  nedn  wee  of  a  few  additional 
alldaa  especially  selected  to  illustrate  specific  wing, 
fuselage,  and  tall  shapes  as  well  aa  other  special  charac¬ 
teristics  . 

a.  The  Deductlva  Course 

The  deductive  Aircraft  Kecognltlon  course  included 
instruction  on  a  ays  tan  designed  to  help  5a  identify  air¬ 
craft.  The  ays  tan  made  use  of  aa  arbitrary  aat  of  specific 
recognition  feature*  related  to  wings,  borlsootal  tall 
surfaces,  fuselages,  and  anginas.  On*  additional  feature 
consisted  of  what  was  tsrned  unique  characteristics. 

Sixteen  aircraft  warn  taught  using  the  eyatsn 
of  recognition  features.  A  slid*  showing  a  top  view 
silhouette  of  each  aircraft  was  presented  along  with 
sons  general  interest  information  and  n  detailed  descrip¬ 
tion  of  tha  aircraft  In  tens  of  specif  1c  recognition 


20 


HAVTRADXVCZX  6A-C-0271-1 


(titurii.  After  4  aircraft  had  bean  presented  lod lei dually , 
elides  of  the  4  aircraft  vers  used  for  review.  This  in 
turn  wee  followed  by  a  series  of  practice  exercises  which 
5a  completed  and  which  were  subsequently  discussed.  The 
sos  process  was  then  repeated  for  the  next  4  aircraft 
with  inclusion  of  an  additional  practice  exercise  which 
contained  all  the  aircraft  cowered  up  to  that  point.  This 
cycla  continued  until  all  16  aircraft  had  been  taught. 

b.  The  Inductive  Course 

The  second  Aircraft  Recognition  course  was  design* 
ed  to  be  taught  in  an  inductive  manner.  The  same  16  air¬ 
craft  were  taught  and  the  presentation  Included  the  identi¬ 
cal  general  interest  information  about  thasa  aircraft.  How¬ 
ever.  5 a  in  the  Inductive  course  were  not  taught  any  system 
of  recognition  features  nor  were  the  eircreft  described  in 
tense  of  these  recognition  feeturea.  aa  was  the  case  in  the 
deductive  course.  Again,  aircraft  wars  taught  in  groups  of 
4,  and  instruction  on  each  group  was  followed  by  a  practlca 
exarc  lie  covering  all  aircraft  taught  up  to  that  point. 

In  order  to  compeaaata  for  tha  courts  tins  lost  due 
to  not  presenting  a  aye tan  for  ldantlfying  aircraft  using 
specific  recognition  features,  it  was  necessary  to  increase 
tha  number  of  times  each  aircraft  all da  was  presented  and 
the  length  of  exposure  during  tha  training  and  review 
sessions.  5a  were  shown  slides  of  aircraft  and  were  essen¬ 
tially  left  to  evolve  their  own  system  for  discriminating 
between  aircraft.  When  questions  arose  concerning  identi¬ 
fying  aircraft  presented  is  practl^  'aercises.  project 
staff  members  who  acted  as  monitors  lid  sot  mention  wing 
shapes,  amber  of  engines,  ste.  They  did  pose  questions 
designed  to  encourage  5s  to  devise  their  own  system  for 
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Identifying  aircraft. 

D.  Developacnt  of  Criterion  Measures 

Criterion  teats  wars  developed  for  the  two  subject  Batter  areas 
directly  froB  the  etateaenta  of  behavioral  objectives  and  prior  to 
course  development.  The  asms  criterion  test  was  used  for  both  the 
iochictlve  and  deductive  versions  of  each  coarse. 

1.  Celestial  navigation 

A  basic  criterion  ex as 1  net  Ion  vas  developed  which  Includ¬ 
ed  all  types  of  problems  which  5a  had  been  taught  to  solve. 
Examination  Items  were  tried  out  using  naive  non-prof esalonal 
A.l.K.  personnel  to  obtain  Information  regarding  difficulty 
levels  and  the  amounts  of  time  required  to  couplets  Items. 

The  exaalnatlon  was  revised  on  the  basis  of  these  tryouts 
and  items  were  arranged  approximately  in  order  of  increaa- 
lnt  difficulty. 

Because  the  solving  of  Celestial  navigation  problems 
Involved  several  steps,  a  test  scoring  system  was  developed 
to  provide  partial  credit  for  partial  problem  solutions. 

This  scoring  system  provided  a  possible  raw  score  range  of 
scores  from  0  to  S3. 

A  20-item  true-false  test  was  also  developed  covering 
the  concepts  and  principles  underlying  the  problem  solv¬ 
ing  procedures  of  Celestial  Navigation.  The  rationale 
behind  this  test  was  to  ascertain  whether  5s  exposed  to  the 
"understanding"  treatment  had  indeed  understood  and  whether 
5s  not  taught  thee*  coocepts  might  have  "figured  them  out." 

It  was  felt  that  this  information  would  provida  a  valuable 
supplement  to  the  basic  criterion  test.  Unfortunately, 
however,  the  test  proved  to  be  far  too  difficult.  Not  only 
did  the  nean  scores  on  this  test  fail  to  dlscriainate  among 
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the  four  treatment  group*,  but  none,  of  then  m  significantly 
different  fro*  chance  expectation*. 

2.  Aircraft  Recognition 

Tha  i«h  56-itra  criterion  examination  vaa  employed 
for  Ch*  Aircraft  Recognition  couraa  which  had  bam  dcvelop- 
ad  during  tha  previous  study  of  thla  aarlaa  (Tallmadgi 
at  al*,  1968).  Each  ltaai  consisted  of  an  aarlal  photograph 
which  contained  on*  or  aora  aircraft.  Tha  apaclflc  air¬ 
craft  that  5a  war*  to  Identify  vaa  circled  In  black.  Four 
of  tha  aircraft  covered  In  tha  training  urre  not  Included 
la  tha  examination,  and  five  aircraft  war*  included  la 
tha  examination  which  ware  not  covered  In  tha  court*.  Thla 
procedure  vaa  adopted  becauae  there  vaa  aoma  Intar**  t  In 
aaaaaalng  the  affactlvaneaa  of  different  training  approach** 
for  tha  recognition  of  "nev”  aircraft.  5a  vara  lnetructed 
to  vrlta  the  daalgnatlon  of  the  aircraft  In  the  apace  pro¬ 
vided  they  knew  It  and  to  vrlta  an  "X**  la  tha  blank  If 
they  vara  aura  they  had  not  bean  taught  that  particular 
aircraft.  Tha  teat  vaa  acored  simply  by  counting  tha  num¬ 
ber  of  correct  reaponaaa. 

Study  Implementation 

1.  Collection  of  Individual  Difference  Measure* 

5a  for  tha  atudy  vere  353  Ravy  collated  mam  awaiting 
aaalgnmant  to  Saale  Electricity  and  Electronic*  School  In 
Sam  Diego.  All  the  psychological  teata  described  earlier 
la  thla  report  vara  administered  to  groupa  of  approximately 
30  5a  during  tha  firat  day  of  the  2-day  experimental  period. 
All  teat  adalalatratlon  warn  conducted  by  membara  of  the 
project  ataff  to  aaaure  cona latency  of  procaduraa  from  tent¬ 
ing  aeaaloa  to  t eating  eeaalon.  Two  project  ataff  members 
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wrrr  present  et  all  tearing  sessions.  F.ach  testing  session 
lasted  approximately  7  hours  Including  "breaks."  Scores 
on  the  four  ftaslc  Battery  tests  were  provided  by  Naval 
Training  School  personnel  for  each  5. 

2.  Course  Administration 

All  experimental  courses  were  presented  at  Naval  Train- 
In*  School  facilities  with  project  personal  serving  as 
instructors.  Each  course  was  taught  to  groups  of  approxi¬ 
mately  30  5a  during  tha  second  day  of  the  2-day  tasting/ 
training  period.  Two  Instructors  vers  present  during  each 
administration.  Tha  experimental  classroom  sessions  con¬ 
sumed  approximately  1  full  day  (tha  Calastlal  Navigation 
courses  required  slightly  longer  than  tha  Aircraft  Xecog- 
nitlon  courses). 

3.  Collection  of  Criterion  Data 

Criterion  testa  were  administered  to  all  5s  by  project 
staff  members  iamediately  following  coaq>lctlon  of  instruc¬ 
tion.  Again,  two  Instructors  wars  present  to  facilitate 
testing  and  monitoring. 

Tha  Calastlal  Navigation  criterion  examination  required 
1  hour  and  20  minutes,  while  the  Aircraft  Kacognltlon  exam¬ 
ination  required  approximately  30  minutes. 
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section  in 

RESULTS 

A.  Correlation  end  Rrgreaelon  Analyses 

Since  thl*  study  vii  concerned  with  the  prectlcel  aa  well  ea 
the  etaclatlcal  significance  of  differences  in  achievement  resulting 
Iron  different  treatment  and  learner  characteristic  variables.  It 
was  Intended  that  mean  achievement  score*  under  various  experimental 
condition*  would  constitute  the  ultimate  basis  for  evaluating  the 
research  results.  Because  ao  many  variables  were  Involved,  however. 
It  was  felt  that  preliminary  correlation  and  regression  analyses 
would  serve  the  very  useful  purpose  of  providing  guidance  for  focus¬ 
ing  subsequent  analyses  on  a  more  limited  number  of  experimental 
variable*  which  showed  promise  of  being  relevant.  For  thla  reason, 
correlations  were  calculated,  using  the  BKD-03D  computer  program, 
between  predictor  and  criterion  teat  scores  for  all  39  predictors 
In  each  of  the  6  treatment  conditions.  Thee*  correlations  are  repro¬ 
duced  in  Table  1. 

Examination  of  the  correlation*  In  Table  1  did  not  reveal  any 
consistent  pattern.  With  but  few  exceptions  the  correlations  were 
of  approximately  the  anticipated  magnitude.  One  notable  exception 
was  the  correlation  (r  -  .60)  between  the  Set  Toward  Education  test 
and  achievement  under  the  Celestial  navigation  Inductive  Rote  treat¬ 
ment  condition.  The  p  ■  .93  confidence  interval  for  this  correla¬ 
tion  was  found  to  be  .61  <  p  <  .74  indicating  a  substantial  relation¬ 
ship.  The  corresponding  correlations  under  other  treataent  condi¬ 
tions  were,  for  the  most  part,  not  significantly  different  from  sero. 

The  Ruder  Computational  and  Scientific  scales  also  showed  sur¬ 
prisingly  high  correlations  with  achievement  (r  ■  .30  and  r  -  .32, 
respectively)  for  the  Celestial  navigation  Deductive  Understanding 
treatment  condition.  Neither  of  thas*  coefficients  was  significantly 
different  from  the  corresponding  correlations  for  the  other  three 
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TABU  1 

Corralatlooa  batvaan  Individual  Dlffaranca  Kaaaurae  a 
Criterion  Taat  Scoraa  rlthln  Each  Traataant  Croup 
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Celestial  Navigation  treataents,  however. 

Of  primary  intercut  were  difference!  between  correlation!  exist¬ 
ing  as  a  function  of  treatment  conditions.  No  consistent  patterns 
of  this  tyne  were  apparent  through  visual  inspection.  Despite  these 
appearances,  tests  of  the  significance  of  differences  between  corre¬ 
sponding  predictor-criterion  correlations  were  made  for  the  follow¬ 
ing  pairs  of  treatnent  conditions: 

o  Celestial  Navigation  Inductive  Understanding  vs.  Celestial 
Navigation  Deductive  Understanding. 

o  Celestial  Navigation  Inductive  Understanding  va.  Celestial 
Navigation  Inductive  Rote. 

o  Celestial  Navigation  Inductive  Understanding  va.  Celestial 
Navigation  Deductive  Rote. 

a  Celestial  Navigation  Deductive  Understanding  vs.  Celestial 
Navigation  Inductive  Rote. 

o  Celestial  Navigation  Deductive  Understanding  vs.  Cslestlal 
Navigation  Deductive  Rote. 

o  Celestial  Navigation  Inductive  Rote  vs.  Celestial  Naviga¬ 
tion  Deductive  Rote. 

o  Celestial  Navigation  Inductive  Rote  vs.  Aircraft  Recognition 
Inductive. 

% 

o  Celestial  Navigation  Inductive  Rote  vs.  Aircraft  Recognition 
Deductive. 

o  Celestial  Navigation  Deductive  Rote  vs.  Aircraft  Recognition 
Inductive. 

o  Celestial  Navigation  Deductive  Rote  vs.  Aircraft  Recognition 
Deductive. 

o  Aircraft  Recognition  Inductive  vs.  Aircraft  Recognition 
Deductivv. 

Since  there  were  39  predictor  variables,  a  total  of  429  such 
testa  were  made.  On  the  basis  of  chance  expectation  alone,  between 
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21  iq d  22  of  thru*  comparisons  should  nave  ah<*m  "ftitfitlcailf  elg- 
nlflcant  differences"  at  ths  r  i  .0}  level.  In  fact,  24  p-»;rs  of 
correlation!  «r*  found  to  b#  sigoif  Icaotly  different  at  (Mi  level. 
Statlarly,  4  pairs  of  corralationa  which  differed  at  the  p  i  .01 
level  were  eipecicd  on  a  chance  baala  while  1  were  found. 

Several  of  the  paired  correlational  difference!  reflected  tha 
generally  high  correlation!  existing  between  cognitive  predictor* 
and  the  Celestial  Navigation  final  examination,  aa  cent rae ted  with 
the  low  correlation*  of  thee*  predictor*  with  Aircraft  Recognition 
criterion  performance.  If  Navy  basic  Rettery  General  Claaalf lcatloa 
and  Arithmetic  teat  correlation*  were  excluded  from  conalderatlon, 
the  number  of  obtained  "statistically  aignlflcant  difference*’*  waa 
below  chance  expectation.  At  thia  level  of  analyala,  then,  there 
appeared  to  be  no  neanlagful  revolt*. 

In  deference  to  thoae  author*  who  have  argued  that  correlational 
data  cannot  be  weaning  fully  interpreted  end  insist  that  regression 
coefficients  ba  ised  la  thalr  ataed  (a.g.,  Croobach  A  Snow,  IMP), 
regresalon  coefflciants  war*  calculated  corresponding  to  all  tha 
correlation  coefficients  shown  in  Table  1.  The*#  rvgresaloe  coeffi¬ 
cients  ere  presented  in  Table  2.  Differences  between  pairs  of  re¬ 
gression  coefficients  wars  tasted  by  amen*  of  t  tests.  These  testa 
were  performed  for  ell  pairs  of  predlctOT-crlterlon  relationship* 
for  which  correlational  differences  had  been  tasted.  The  teats  of 
the  differences  between  regression  coefflciants  yielded  exactly  tha 
sane  rcsulta  aa  tha  tests  of  difference*  between  correlation  coeffi¬ 
cients.  The  identical  pairs  of  predictor-criterion  relationships 
were  found  to  be  significantly  different  at  tha  asm*  probability 
lava  is.  Tha  regression  analyses  added  nothing  to  Information  ob¬ 
tained  fro*  the  correlation  analyses. 
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a.  >»fHc4l_low  AiuJjjm 

Tha  aaper lacntal  Aircraft  tacognltloo  courses  used  la  tbla 
research  v*rt  essentially  Identical  to  the  Aircraft  Recognition 
count*  used  In  an  aarllar  study  In  thla  aarlaa  (Tallmadge  at  al.« 
1968).  Tha  Aircraft  Recognition  portion  ot  tbla  atudy,  than,  coa- 
atltuted  ona  of  few  rapllcatlooa  of  a  atudy  In  which  significant 
laaraar  charactarlatlc  by  treatment  intaractlona  had  ban  found. 

Tha  aarllar  atudy  found  that  tha  Inductive  and  A  duct  Ira  tre-  meets 
produced  significantly  different  correlations  with  the  criterion 
for  three  Kuder  Vocational  Intaraat  scales  (Computational,  Scienti¬ 
fic,  and  Social  Service),  and  two  Cordon  Personal  Profile  scales 
(Ascendancy  and  Sociability).  Not  one  of  tha  differences  between 
these  same  pairs  of  correlations  was  statistically  significant  la 
the  present  atudy  although,  with  tha  exception  of  Cordon  Ascendency, 
the  direction  of  the  differences  wee  tha  sane  in  both  studies. 

la  t'lie  aarllar  study,  a  conpoeltw  neaaure  consisting  of  the 
Kuder  Scientific  Intaraat  scale  (poeltlvaly  weighted),  the  Cordon 
Ascendancy  scale  (negatively  weighted),  and  the  Kuder  Musical 
Interest  scale  (negatively  weighted)  was  developed  which  nealuixed 
the  differences  among  the  four  treatment  groups  included  in  thrt 
atudy.  27s  scoring  above  the  end lan  on  thla  composite  measure  showed 
significantly  greater  (Aircraft  Kecognitlon)  achievement  under  the 
deductive  method  of  instruction  than  under  the  inductive  method 
( p  <  .001).  .Vs  scoring  below  tha  oedian  performed  batter  under  the 
Inductive  treatment  condition,  although  this  difference  was  not 
statistically  significant. 

The  same  composite  score  was  calculated  for  S a  taught  Aircraft 
Recognition  in  the  present  study.  Dsiag  these  data,  no  achievement 
differences  between  inductive  end  deductive  treatment  conditions 
ware  found  either  for  f7e  scoring  above  the  usd lan,  or  those  scoring 
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below.  Tabic  3  p rennets  a  cofitlm  of 
fro*  the  earlier  and  th#  primt  atwdy. 


•chirr 


Table  3 


icMrrtetnC  Sew  ••  j 


Aircraft  Kacogaltloa  Aircraft  Kacogaltloe 
Earlier  Seedy  Preeest  Seedy 

Inductive  Deductive  Inductive  I  Deductive 


Ugh  Crony 


u.u 


33.bl  SO.  lb 


30.34 


Low  Crony 


32.19 


49.0*  49.17 


49.13 


■o  explanation  conld  be  found  as  in  why  the  two  reyllcatloue 
produced  different  results.  Predictor  and  criterion  test  score  sea 
and  variances  were  found  not  to  differ  significantly  between  repli¬ 
cations  nor  were  the  results  of  tbs  present  a  tody  (as  shown  la 
Table  3)  significantly  affected  by  as  lag  the  conposlts  seers  nedlaa 
fron  tbs  earlier  study  to  sort  prsssat  study  5s  lsto  high  sad  low 


groups. 


Additional  Tree 


learner  Characteristic  Anal 


As  discussed  la  tbs  Introduction,  this  study  wen  d /signed  to 
Investigate  tbs  effect!  of  three  separate  experimental  variables  — 
subject  natters,  types  of  learning,  sad  Instructional  methods.  Tbs 
correlation  and  ragreaaloa  analyses  described  above  considered  these 
three  variables  slaaltamsossly  by  dealing  with  predictor-criterion 
relationships  os  a  within- treatment -group  basis,  by  pooling  data 
fron  too  or  worn  trnatnant  groups,  it  was  also  possible  to  lsvsetl- 
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gate  *ach  of  the  variables  separately.  The  possible  affacta  of  type 
of  learning,  for  exanpla,  could  ba  Investigated  by  pooling  data  fro* 
tha  two  Calaatial  navigation  Understanding  couraaa  and  comparing  tha 
pooled  raaulta  with  results  obtained  by  pooling  data  fro*  tha  two 
Calaatial  Navigation  Rota  couraaa.  Anal 7 aa a  of  thla  type  vara  carri¬ 
ed  out  and  ara  described  below. 

1.  Learner  Character tat  lea  by  Subject  Mat ter a 

tha  affect  of  subject  natters  was  exaalned  by  pooling 
Ja  fro*  tha  two  Calaatial  Navigation  Rota  courses,  cos  put  log 
corrslatlona  between  individual  difference  aaasursa  and  cri¬ 
terion  tost  scores  for  tha  coni land  group,  and  conparlcg 
these  correlations  with  similar  correlations  confuted  for 
tha  conblnad  group  of  5a  fro*  tha  two  Aircraft  Recognition 
couraaa.  Again,  testa  of  tha  algnlf lcanca  of  tha  differ¬ 
ences  between  pairs  of  a.  notations  were  and#.  Of  tha  39 
pairs  of  correlations  which  wwra  era* load,  2  wars  found  to 
ba  significantly  different  at  tha  p  <  .01  level,  sad  3  wore 
at  tha  p  <  .03  level.  Tha  2  larger  differences  Involved 
cognitive  Measures  —  Navy  Raaic  Rettery  General  Classifi¬ 
cation  and  Arithmetic  teats.  These  *aaaurea  showed  high 
positive  corrslatlona  with  tha  Celestial  Navigation  couraaa, 
and  such  lowar  corrslatlona  with  tha  Aircraft  Recognition 
couraaa.  Thla  finding  was  expected  and  see  cons  latent  with 
similar  diffarancaa  reported  by  Tallaadge  at  al.  (19b®) 
involving  these  sane  two  predictors  and  achievement  la 
coureas  on  tha  Transportation  Tachalgua  ami  Aircraft  Recog¬ 
nition. 

Noncogaltlve  noses  res  were  larvolmd  la  tha  ether  three 
statistically  algnlf  least  correlational  diffarancaa.  Tha 
Ruder  Computational  scale  produced  tha  largest  difference 
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between  correlations.  showing  •  significant  positive  re¬ 
lationship  vlth  ichlnnnt  la  the  Celestial  Navlg at loa 
coursea  and  a  *»a 11  negative  correlation  vlth  achlevenent 
In  Aircraft  Recognition.  Slnca  the  Celestial  Navigation 
courses  did  involve  a  significant  snoust  of  canputatlon, 
thla  finding  vu  alao  consistent  vlth  expectations.  The 
It  Ff  Outgo  lag  and  Experlneatiag  acalaa  produced  tha  other 
two  algalflcant  dlffarancaa.  Thaaa  relationships  wore 
such  that  " Outgoing ocaa"  vae  Mgatlnljr  related  to  success 
la  Aircraft  kacognlelcn,  but  unrelated  to  ecbievaawat  la 
Celeatlal  Navigation ;  while  "Experlnratlngness"  waa  aseocl- 
ated  with  success  la  Celeatlal  leelgatloo,  but  uatelated 
to  achlevenent  la  Aircraft  Pscogaitlon.  these  ralat lcru- 
ahlpc  did  not  appear  to  be  particularly  aaanlngful,  end 
do  attaa^it  waa  made  to  Interpret  thee. 

2.  learner  Characteristics  by  types  of  Learning 

to  Investigate  possible  interactions  between  learner 
characteristics  and  types  of  learning,  St  in  the  two 
Celeatlal  Navigation  Understanding  couraee  were  pooled, 
as  ware  St  la  the  two  Celeatlal  Navigation  Suta  couraee. 
Correlations  ware  than  conputed  between  each  of  the  19 
Individual  difference  neaauraa  and  criterion  test  scores 
for  the  two  conpoelte  groupe.  Differences  between  the 
resulting  pairs  of  corraletlona  were  then  tested.  Only 
1  of  tha  39  naasures  produced  a  correlation  for  the 
understanding  learning  condition  which  differed  algal* 
ficantly  f ron  thee  produced  for  the  rote  learning  con— 

*  dltloa.  This  Manure  was  the  Under  Moelcol  Interest  scale 
which  correlated  -.14  and  4.12  with  achlevmant  for  the 
twe  types  of  lsarnlag,  respectively.  Since  nore  then  1 
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"■tat  lit  leal  1,  sifnlficant  difference"  (p  i  .05)  would  Kara 
been  expected  on  the  banln  of  chance  alone.  It  had  to  be 
aasuawd  that  thla  1  relationship  wee  not  meaningful  end, 
therefore,  that  no  learner  characteristics  by  types  of  learn- 
If*  Interaction  ealated  for  the  Celestial  Ravlgatlon  sub¬ 
ject  natter. 

3.  learner  Characteristics  by  Instructional  Methods 

Although  there  were  three  induct  ire  end  three  deduc¬ 
tive  courses,  the  instructional  us t hod s  variable  wee  not 
initially  examined  by  pooling  the  £s  for  the  three  induc¬ 
tive  end  the  three  deductive  treatment  groups.  To  avoid 
possible  contamination  caused  by  higher  order  interactions 
involving  either  type  of  learning  or  type  of  subject  natter, 
the  decision  use  made  to  pool  only  two  groups  at  a  time. 

Thus  the  two  inductive  Celestial  navigation  treatment  groups 
were  combined,  ee  were  the  two  dedoc tive  groups.  Similarly, 
the  inductive  Celestial  navigation  lota  group  wee  pooled 
with  the  5nductlve  Aircraft  tecognltlon  group,  end  the 
deductive  Celestial  navigation  tote  group  was  pooled  with 
the  deductive  Aircraft  lecogaitloo  group.  Aa  with  the  other 
analyaaa,  correlations  for  each  composite  group  were  com¬ 
puted  between  tbu  39  predictors  end  criterion  teat  scores. 
Differences  between  peira  of  these  correlations  were  subse¬ 
quently  tested.  Of  the  78  c  Caspar  Isons  nadc,  9  statistically 
significant  ip  <  .03)  differences  were  found.  The  pairs  of 
correlations  which  were  found  to  be  significantly  different 
ere  presented  is  Table  4. 


34 


HAVTKADfVCni  6S-C-OZ71-1 


TAILS  4 

Significantly  Different  Fairs  of  Correlations 


Cal.  Xav.  Under¬ 
standing  plus 
Cel.  Rav.  Rote 

Cel.  Slav.  Knte 
plus  Alrcrsft 
Kecognitloa 

Induct 

Deduct 

Induct 

Deduct 

Eysenck  -  Neurotic Isa 

.13 

.14 

-.IS 

Kuder  -  Artie tic 

.13 

-.13 

- 

-  i 

16  TT  -  Eaotlonally  Stable 

-.14 

.14 

-.IS 

.1» 

1 

16  PF  -  Iaaglnatlva 

- 

.23 

-.03  ! 

16  TT  -  Apprehensive 

Si 

- 

.18 

-.20  ; 

Sat  Toward  Education 

.43 

.OS 

.37 

.OS  j 

Consider  ad  individually,  tba  pairs  of  corrals tlona  shows 
la  Tsbla  4  ara  doc  particularly  aaaalngful  sad  eight,  one 
could  asauaa,  ha  dua  to  chaoca  variations.  Threa  of  tha 
scales,  howrrir,  (Eysenck  Seurotlclsa,  16  Tf  Eaotlonally 
Stahls,  and  16  TT  Apprahanslva)  ara  aaaaatlally  saa auras  of 
ad  Just  sent .  Tha  fact  that  all  of  thasa  scales  ara  consis¬ 
tent  with  i aspect  to  chair  interaction  with  Instructional 
aathod  leads  considerable  credibility  to  tha  existence  of 
aa  interaction  be  tvs  as  student  adjustment  sad  aathod  of  ia- 
structloo.  It  Bight  eves  be  arsuad  that  tba  Kuder  Artistic 
scale  and  tba  16  YT  Iaaglnatlva  scale  also  produce  scores 
which  ara  ladlcatlva  of  aaotiooal  adjuataaat,  sod  siaca  tha 
patters  of  consist  loos  of  these  scales  is  coos  la  tent  with 
Chose  of  tha  other  scales,  thus  offer  support  for  tha  exis¬ 
tence  of  such  aa  lateractioa. 
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The  significantly  different  correlation*  Involving 
the  Set  Toward  Education  teat  all  result  froa  tha  single 
very  high  correlation  between  thla  measure  and  achievement 
In  the  Ceicatlal  navigation  Inductive  Rote  treatment  group 
which  waa  dlacuaaed  above.  Thry  neither  aupported  nor  de¬ 
tracted  f roc  the  poaalble  existence  of  an  Interaction  between 
method  of  1  n* t rue 1 1  on  and  tha  adjustment  of  leamera. 

Thar*  waa  no  Indication  that  altbar  subject  matter 
or  type  of  learning  affected  the  rclat lonahlp  betveen  In¬ 
structional  methods  and  learner  adjustment.  It  was  decid¬ 
ed,  therefore,  to  pool  the  three  Inductive  treatment  group* 
and  the  three  deductlva  treatment  groups  in  order  to  examine 
the  overall  effect  of  instructional  method.  When  this  was 
dome,  correlations  warn  computed  for  the  three  scales  clear¬ 
ly  related  to  emotional  adjustment.  Table  5  present*  these 
correlations  as  well  as  multiple  correlations  for  the  induc¬ 
tive  and  deductive  groups  which  were  computed  bp  assigning 
walghta  of  el  to  tha  Eysenck  Meurotlcism  and  16  PF  Appre¬ 
hensive  scales,  and  a  weight  of  -1  to  the  16  FT  Emotionally 
Stable  scale. 


TABLE  3 

Correlations  Showing  Interactions  between  Measures 
of  Adjustment  and  Instructional  Methods 


r 


\ 

1 

Inductive 

Deductive 

Eysenck  -  Meurotlcism 

.11 

-.17 

'16  PF  -  Emotionally  Stahls 

-.13 

.16 

| 

jl6  FT  -  Apprehensive 

.12 

-.16 
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Composite  Predictor  (Amlitj) 

<*  -  4.1)  (#x  -  11.2) 


Nguri  2.  Interaction  betwm  inltty 
and  Instruct  lot  ta  I  art  bod. 


The  recreation  line*  correepoodlng  to  eh*  Multiple  r'e 
of  Table  S  era  plotted  in  figure  2.  TMa  figure  illustrates 
that  the  regression  lines  croat  near  the  predictor  score 
aeaa.  The  slopes  of  the  regression  lines  sere  found  to  be 
significantly  different  (p  <  .OS)  as  were  the  Multiple  p's. 
To  further  investigate  this  interactive  relationship,  5s 
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Mt-rt*  Hubnequcnt  ly  sorted  Into  high  and  low  group*  depend lna 
upon  whether  their  composite  predictor  score  fell  above  or 
below  the  point  where  the  regression  lines  crossed  (V  «  -.36). 
Finally,  mean  achievement  test  scores  were  computed  for  those 
above  the  crossover  point  who  received  an  ,f*ductlvs  tr~at- 
oent,  those  above  the  crossover  point  who  rtceived  s  deduc¬ 
tive  treatment,  those  below  the  crossover  point  who  received 
an  inductive  treatment,  sod  those  below  the  crossover  point 
who  received  a  deductive  treatment.  These  aaaa  scores  (to¬ 
gether  with  the  associated  standard  deviations)  are  presented 
in  Table  6. 


TABU  6 

Criterion  Test  Score  Means  and  Standard  Deviations  for 
High  and  Low  Anxiety  Croups  Taught  Inductively  and  Deductively 


Inductive 

Deductive  | 

High 

I  -  60.64 

T  -  48.63 

Anxiety 

. 

a  -  9.85 

a  -  8.94 

- 1 — 

i 

Um 

I  -  48.27 

I  -  52.14 

Anxiety 

•  -  8.91 

a  •  10.19 

Finally,  an  analysis  of  variance  was  performed  on  the 
criterion  test  scores  for  the  four  groups  using  the  un¬ 
weighted  means  technique  (Viner,  1962).  The  results  of  this 
analysis  are  presented  in  Table  7.  As  can  be  seen,  neither 


38 


NAVTUDXVCm  bd-C -0271-1 


the  learner  characteristic  nor  the  instructional  setbod 
Mia  affect  vii  statistically  significant  vMls  their 
interaction  vas  significant. 


TABLE  7 

Unweighted  Means  Analysis  of  Variance 


1 - 

Source 

df 

MS 

m 

p 

i 

'.Instructional  Methods 
[Learner  Characteristics 

1 

B 

1 

27.0 

m 

1 

Interaction 

1 

710.0 

|M 

<.oi  1 

Error 

349 

88.7 

B 

Differences  between  pairs  of  msane  shown  In  Table  6 
were  tea ted  using  Student's  t.  The  deductive  instructional 
SMthod  was  found  to  be  significantly  superior  (p  <  .OS)  for 
the  low  anxiety  group.  The  instructional  treatments  did  not 
produce  significant  achievement  differences  (p  >  .10)  for 
the  high  anxiety  group.  Similarly,  the  low  anxiety  group 
performed  significantly  better  than  the  high  anxiety  group 
(p  <  .03)  under  the  deductive  treatment  while  the  differ¬ 
ence  between  groups  was  uot  statistically  significant 
(p  >  .10)  under  inductive  instructlor  d  conditions. 

0.  Analysis  of  Overall  Treatment  Effects 

While  the  primary  concern  of  this  study  was  with  interactive 
relationships  involving  learner  characteristic  variables,  it  did  not 
seem  appropriate  to  Ignore  completely  any  overall  effectiveness  dif¬ 
ferences  which  might  have  existed  between  treatment  coalitions.  For 
this  reason,  mean  achievement  scores  and  associated  standard  deviations 
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vtrf  calculated  and  art  praeented  in  Table  9. 


TABLE  8 

Mean  Achievement  Score*  and  Standard  Deviation* 
(or  tha  Six  Trrttaaat  Conditions 


Inductive 

Deductive 

1 

;  Celestial  lUvigstloo 

Under aland log 

i 

1  -  JO. A 

s  •  8.8 

I  -  49.0  j 

*  •  9.9  ! 

1 

|  Celeatlal  Navigation 

lots 

| 

1  •  49.2 

$  -  10.1 

I  -  51.1 

t  -  8.1 

i 

Aircraft  Recogaitlon 

i 

1 _ 

I  -  49.8 

S  -  9.7 

I  -  49.6 

s  -  9.7 

_ 

Th*  Fnv.  taat  vaa  uard  to  test  for  hcsK>g*nslty  of  varlsace.  Mo 
significant  difference  waa  found  ■  1.21).  Diffarcnca*  between 

•11  pairs  of  mean*  were  tested  using  t  tests  (•  conservative  proce¬ 
dure  «hen  attempting  to  ninials*  Typo  1  error).  No  statistically 
significant  differences  were  found. 

While  it  should  be  pointed  out  that  batwoen- subject -mat  ter  dif¬ 
ferences  were  statistically  eliminated  by  standardising  scores  with¬ 
in  subject  natters,  rssults  of  the  above  described  tests  lad  to  tbs 
conclusion  that  wltbln-subject-nattar  treatment  differences  produced 
no  significant  achievement  differences. 
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DISCUSSION 

The  purpose  of  thli  study  v%a  to  dcnooetrste  tha  practical 
significance  of  learner  charactcriatlc  bp  Instructional  treataant 
Interactions  bp  verifying  tne  experimental  findings  reports!  In  a 
previous  study  (Talliaadge  at  al.,  1964)  and  bp  attempting  to  Increase 
tho  magnitude  of  tha  observed  ralatlooahlpa  through  an  Improved  t»- 
parlaantal  design  and  aharpanad  aaanrntat  techniques.  It  la 
raadllp  apparent  (roa  tha  raaulta  described  la  tha  previous  aactioa 
of  thin  report  that  thia  goal  was  sxcesslvelp  optimistic  and  that 
far  more  basic  knowledge  la  required  before  learning  etple  research 
la  likely  to  have  a  significant  Inpact  on  anp  real-world  training 
progress. 

At  tbs  tlaa  tha  study  described  hare  was  undertakes,  other 
Invest  ,  iatora  shared  with  tha  authors  of  this  report  a  general  feel¬ 
ing  o*  eat  hue  lean  for  tha  practical  implications  of  rsssarch  in  this 
srsa.  Numerous  studies  wars  appearing  which  reported  significant 
learner  characteristic  bp  tree  ones t  Interactions,  and  It  aesnad  that 
soon  sons  order  would  emerge  tram  the  apparently  unrelated  and  fre¬ 
quently  discrepant  findings.  Hypotheses  wars  being  formulated  and 
tasted  In  *  wanner  which  bald  promise  for  establishing  a  replicable 
basis  for  future,  mors  sophisticated  refinements. 

As  tha  proliferation  of  research  results  produced  an  increasing 
number  of  closely  comparable  studies,  tha  expected  emergence  of  coo- 
alateot  patterns  of  relationships  simply  did  not  occur,  lather,  it 
appeared  that  relatively  sir  or  differences  between  treatments  could 
cause  a  complete  reversal  of  interactive  relationships.  Such  rever¬ 
sals  wars  observed  by  Bundareoa  (1969)  and  by  Burton  and  Coldbeck 
(1962)  as  a  function  of  differences  in  tha  difficulty  of  learning 
tanka  while  subject  natter  differences  produced  a  similar  reversal 
in  tha  Tellmadge  at  al.  (1966)  study  (although  this  difference  be- 
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tw«tn  subject  ucteri  could  hardly  be  described  aa  minor). 

These  findings,  couplad  with  th*  Large  number  of  studies  rtport- 
lng  negative  results  or  rcaulta  inconsistent  with  expectations,  haw* 
caused  th*  prevailing  wood  to  change  irc.z  c^tlalaa  to  pessimism, 
bunderson  (1969),  for  example,  iy*a  decried  th*  "robustness"  of  spti- 
tudftrcataant  Interaction*  suggesting  that  othar  approach#*  ar* 

■or#  likely  to  improve  Instructional  effectiveness.  Certainly  th* 
rcaulta  of  th*  present  study  arc,  for  th*  no  at  part,  consistent  with 
thin  recently  expressed  viewpoint. 

Still,  It  does  not  appear  that  learnlnt  style  research  should 
be  abandoned.  The  relationship  found  la  th*  present  study  between 
anxiety  and  (Inductive  vs.  deductive)  teaching  Methods,  while  not 
impressively  largo,  was  sufficiently  robust  to  stand  up  for  two  dif¬ 
ferent  types  ot  learning,  two  different  subject  natters,  and  probably 
•t  least  two  difficulty  levels. 

A.  Find  logs  of  the  Present  Study 

Th*  ring Is  positive  finding  of  th*  present  study  which  the 

authors  feel  Is  reliable  and  which  should  stand  up  to  replication 

/ 

was  the  above  nentioned  Interactive  relationship  between  learner 
anxiety  and  nethod  of  Instruction.  While  nany  "statistically  signi¬ 
ficant  differences"  were  found  between  pairs  of  predictor-criterion 
correlation  and  regression  coefficient*  aa  a  function  of  treataent 
conditions,  the  majority  of  Chase  differences  were  considered  to  be 
unreliable  since  they  represented  only  a  small  fraction  of  the  total 
number  of  pairs  tested,  and  since  they  forms'.!  no  clear-cut  pattern. 

The  only  major  exception  to  the  apparently  random  distribution 
of  predictor-criterion  correlation  and  regression  coefficients  in¬ 
volved  naaauras  of ^ learner  adjustment  (or  conversely,  anxiety). 

Three  of  the  four  such  scales  locludsd  in  the  study  (tbs  Cordon 
Emotional  Stability  seals  was  the  exception)  showed  consistent 
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^tttm  of  Interact loo  with  th*  Instructional  Mthod  mi  Ubli  for 
both  types  of  learning  and  subject  natters  Urrtatl|attd.  While 
but  five  of  the  ala  relationships  vara  a  tat  la  c  leal  1 7  significant 
(baa ad  on  correlational  dlffarmcaa  —  aaa  Table  *),  thwy  wart  par* 
(act ly  cone latent  and  Indicated  that  tha  acre  anxious  etudemta  par* 
formed  better  under  Inductive  lnatructlonal  condltlona  while  laaa 
anxious  students  ahowad  better  achlaveaeat  following  deductive  lo- 
atructloa.  When  the  three  ecalaa  were  pooled  to  yield  e  tingle 
anxiety  Manure,  the  lateractloa  t  ratio  vea  atatiaticaily  sigaifl* 
cast  at  the  p  *  .01  level,  but  net  achieves  eat  ecorea  were  eignlfi- 
caatly  different  (p  <  .03)  only  for  5a  low  in  anxiety. 

because  theae  differencea  were  not  of  greater  magnitude,  the 
possibility  that  ex  la  ting  relationships  ware  nonlisear  wee  coMlder- 
ed.  Ae  Cronbech  end  Snow  (196*,  p.  1?)  here  ateted,  "Especially  in 
and  lee  where  anxiety  ie  e  pretest  variable,  it  1*  found  that  per* 
forma  ace  under  e  certain  treetnaet  ie  advantageous  for  a  'middle' 
group  end  dlaadvantagec^e  at  the  two  extremes.”  In  accordance  with 
their  re ewendation  "that  the  investigator  iarpoct  him  data  for 
lihaly  nonlinear it lea,"  Mvariate  acattar  diagrams  were  plotted  of 
the  coop pelts  predlctor-c *1 tar  Ion  relationships.  Visual  inspection 
of  these  acattar  diagram*  revealed  no  evidence  of  aoollaearlty.  This 
negative  finding  My  well  have  been  attributable  r**  tha  particular 
•ample  of  &<  investigated.  The  highly  anxious  "vail*  of  the  dlatrl- 
hutiom  could  easily  have  been  cut  off  through  standard  Navy  screen¬ 
ing  proceaoee,  by  the  rigors  of  healc  training,  end  by  tha  further 
"hurdles”  of  aeloctlon  for  an  electronics  career  field. 

While  It  wi  mot  possible  to  teat  this  hypothesis  with  an 
acceptable  degree  of  rigor,  comparisons  were  meda  between  neama  and 
standard  deviations  of  the  experimental  sample  end  normative  data 
Included  in  the  test  mammal e  for  the  Bysemch  ■eurotlclsn  scale  (Form 
1)  end  the  two  lb  W  (Form  B)  scales.  The  sample  mean  for  tho 
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Eysenck  Neurot lcl*m  scale  (X  *  9.0)  wee  found  to  be  el gulf  lcsntly 
lover  (p  *  .01)  than  that  of  the  "American  College  Student"  norm 
group  (I  •  i0.9),  Lut  non*  of  the  other  Mono  or  standard  dwlatlona 
showed  similar  dlfforoocoo. 

Other  potentially  meaningful  results  Involved  the  unusually  high 
criterion  correlations  of  (1)  the  Set  Toward  Education  t ist  for  the 
Celestial  Hsvlgatlon  Icductlvs  Rote  course  end  (2)  the  Ruder  Ccwpu- 
tatlonal  and  Scientific  acalea  for  the  Celestial  Navigation  Deductive 
Understanding  course.  While  these  correlations  may  not  have  been 
meaningful,  thalr  occurrence  on  s  chance  basis  was  extremely  remote. 
For  the  eemple  else  tested,  Flsher'a  Exact  Probability  Teat  Indicates 
that  a  correlation  of  .60  would  occur  by  chance  between  one  In  two 
million  end  one  in  five  million  times. 

Thera  did  not  appear  to  be  any  logical  way  to  account  for  thesn 
large  correlations.  In  fact,  were  one  to  predict  a  high  correlation 
between  the  Set  Toward  Education  teat  sad  criterion  performance  baaed 
om  whet  the  test  la  presumed  to  measure.  It  would  be  for  one  of  the 
"understand log"  treatments  —  not  for  a  rote  learning  situation. 

In  any  case,  while  the  meaning  of  these  high  correlations  wee  not 
at  all  obvious.  It  would  certainly  seem  appropriate  to  Include  the 
measures  which  produced  them  la  future  learning  style  studies  la 
hopes  of  gaining  additional  Insights. 

The  significant  negative  findings  of  the  present  stndy  related 
to  lte  fellute  to  duplicate,  or  even  closely  approximate,  the  results 
obtained  in  the  earlier  Tellaadge  at  el.  (1968)  study.  The  Aircraft 
Recognition  courses  used  in  the  present  study  were  Identical  to 
those  used  in  the  earlier  study,  yet  none  of  the  five  statistically 
slgnlf leant  differences  between  inductive  end  deductive  course 
predictor-criterion  correlations  which  mete  found  In  the  earlier 
study  stood  up  under  replication. 
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la  aa  to  reconclla  these  differences,  raw  data  and  c am¬ 

putations  from  the  two  studies  m»  niflnul  for  possible  errors, 
but  oom  could  b«  found.  Tha  only  otbar  factor  which  could  be 
ldantlflad  aa  possibly  responsible  for  tha  dlffarancca  waa  tba  fact 
that  tha  Inductive  Aircraft  recognition  couraa  via  taught  try  one 
inatructor  In  tha  earlier  atudy  while  a  different  lnatructor  taught 
tba  deductlva  couraa.  In  tha  preeant  atudy,  both  Aircraft  lacogaltloa 
couraaa  were  taught  by  a  alngle  lnatructor. 

Thla  difference  between  tha  tvo  atudlaa  would  cooatituta  a 
raaaonabla  explanation  of  their  different  finding  a  under  gone  condi¬ 
tions.  Since  student -Inn true l or  interaction  wan  kept  to  n  minimal, 
however,  and  ainca  tha  lnatructor  la  both  inatancaa  waa  highly  “pro- 
graamad,”  this  explanation  did  not  appear  satisfactory.  It  seemed 
equally  unlikely,  however,  that  5  of  tie  U  correlational  dlffarencaa 
involving  Doacognltlve  predictors  could  have  attained  statistical 
significance  on  tha  basis  of  chance  alone.  Since  at  laaat  on a  other 
Investigator  has  found  evidence  of  teacher  by  student  Interactions 
(Hail  A  Washburns,  1961),  tha  fomsr  of  tha  two  axplanatlona  la  per¬ 
haps  tha  no re  plausible. 

It  waa  not  really  possible  to  compare  tha  Celestial  Haviga'.lon 
portion  of  tho  present  study  with  the  Transportation  Technique  por¬ 
tion  of  the  previous  study  both  because  of  differences  between  the 
two  subject  natters  and  because  of  tha  confounding  of  types  of  teach¬ 
ing  with  t?-pea  of  learning  In  the  19M  research.  Despite  these 
theoretical  limitations,  however,  the  fact  that  none  of  the  statis¬ 
tically  significant  correlational  differences  of  tha  earlier  atudy 
recurred  In  the  present  atudy  waa  sonmhat  distressing.  In  design¬ 
ing  tha  present  study,  the  authors  considered  that  tba  Celestial 
lavlgatloo  and  Transportation  Technique  copies  were  equivalent  In 
all  relevant  r aspects. 
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because  all  individual  difference  easaures  which  shoved  algnl- 
(lcaat  intaractlva  ralat lonahlpa  In  tha  196?  study  were  lncludad  In 
tha  study  reported  hara.  It  waa  poaalbla,  at  laaat  partially  ,  to 
cross-valldatt  tha  findings  of  tha  aarliar  study  (although  thay  did 
Mt  stand  up  to  this  cross-validation) .  Tha  reverse,  unfortunately, 
waa  not  at  all  faaalbla  a Inc a  tha  aaaauraa  which  producad  apparaat ly 
aaaalngful  lntarsctlona  hara  had  not  baaa  lncludad  In  tha  aarliar 
atudy. 

I.  Kalatlonahlp  to  Othar  Published  Research 

Othar  pub 11 ah ad  atudlaa  hava  also  daalt  with  laarnar  anxiety 
1  avals  and  Instructional  treat*-  ><  conditions  •••singly  a lnl la r  to 
tboaa  lovaatlgatad  hara.  Zt  was,  however,  axtraaaly  difficult  to 
datcrmina  whether  theca  published  raaaarch  findings  wars  conalstsnt 
or  lnconslatant  with  tha  raaulta  reported  hara.  Thara  wars  thraa 
aajor  raaaona  for  this  difficulty.  Tha  first  concerned  tha  Instruc¬ 
tional  treatments  themselves  which,  for  tha  scat  part,  hava  baan 
Inadequately  labalad  and  daacrlbad.  This  problem  waa  discus aa*' 
extensively  by  Tallsaadga  and  Shaarar  (1968),  who  concludad  that  it 
waa  frequently  not  poaalbla  to  tall  whathar  an  Instructional  treat- 
aaat  was  lnductlva  or  daductlva  despite  lto  label. 

A  second  problaa  related  to  tha  apaclfic  individual  dlffaranca 
aaaauraa  used.  Studies  purporting  to  deal  with  anxlaty  hava  used  a 
varisty  of  diffarant  lnatruaants  to  ataaura  it,  reflecting  what 
Cronbach  and  Snow  (1969,  p.  139)  describe  as  Ns  aost  haphsxard  mix- 
turs  of  dsflning  variables  for  tha  parsonallty  construct."  Than 
too,  lnvastlgatora  hava  typically  used  a  rslativs  critsrion  such  ea 
tha  class  median  to  sort  S%  into  high  and  low  groups.  This  practica 
fur  tha  r  complicates  afforta  to  aaka  coaparlsooa  across  atudlaa  whara 
tha  class  aedlana  may  vary  consldarably. 
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Th*  possible  existence  of  undetected  oonl  inset  it  lss  la  rela¬ 
tionships  between  lex  roe.  personality  characteristics  and  achieve¬ 
ment  presented  another  difficulty  in  Interpreting  published  findings. 
While  no  evidence  of  nonlinearity  was  found  in  the  preeent  study, 
thla*characterletlc  frequently  occurs  where  2 s  representing  the 
extremes  of  the  anxiety  scale  are  Included  in  the  treatment  groups. 

Studies  investigating  relationships  between  anxiety  and  achieve¬ 
ment  as  a  function  of  instructional  treatment  variables  are  cited 
by  Cronbach  and  Snow  (1969),  and  by  TalLaadga  et  al.  (1968).  Hone 
of  the  cited  studies,  however,  investigated  both  anxlaty  and  induc¬ 
tive  va.  deductive  set  hods  *f  Instruction.  It  was  indirect  evidence 
which  led  Cronbach  and  Snow  to  the  tentative  conclusion  that  anxious 
5a  might  profit  mors  from  structured  than  unstructured  lnstructi~ual 
treatments  while  the  opposite  night  b«  true  for  lees  anxious  5e. 

This  conclusion  would  appear  to  be  at  variance  with  the  experi¬ 
mental  findings  reported  here  since  the  three  deductive  experimental 
courser,  wars  certainly  mora  highly  structured  than  the  three  induc¬ 
tive  courses. 

If,  however,  one  assumes  that  the  high  anxiety  group  In  this 
experiment  was  really  a  "middle"  group  when  compared  agal°*c  abso¬ 
lute  standards,  than  the  results  of  the  present  study  appear  mora 
consistent  with  the  reported  literature  and  with  common  sense  expec¬ 
tations.  Because  of  curvlllnearlty  of  regression,  both  extremes 
of  the  anxiety  distribution  should  perform  better  under  structured 
conditions  while  toe  middle  group  should  be  at  the  optimum  arousal 
level  to  both  profit  from  the  freedom  end  cope  Vila  the  ambiguity 
of  the  leas  structured  situation. 

la  summary,  it  must  be  said  that  there  ia  little  in  tbs  pub¬ 
lished  literature  which  either  detracts  from  or  lends  credence  to 
the  findings  of  the  present  study.  While  the  consistency  of  the 
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obtained  results  across  different  treatment  conditions  lncraaaea 
one'a  confidence  In  the  **«tatietlcal  elatilf lcance”  of  them,  only 
future  replication  can  be  depended  upon  to  establish  the  reliability 
nf  the  rr*at lonahlpe. 

C.  Statlwtlcal  versus  Practical  Significance 

The  atat lat Ically  significant  flndlnea  of  thia  atudy  rttulstd 
from  quite  email  rteam  achievement  differencee  produced  by  different 
instructional  treatments.  Tha  magnitude  of  these  differences  wee 
clearly  not  sufficient  to  have  any  practical  implication  for  Navy 
training  programs.  If  tha  obssrved  relationships  vere  to  stand  up 
under  field  conditions,  sosm  training  effectiveness  gain  could  be 
expected.  The  coat  of  implementing  two  alternate  versions  of  every 
existing  course,  however,  would  far  more  them  offset  this  gala. 

It  must  be  concluded,  therefore,  that  tha  remits  of  the  pre¬ 
sent  atudy  have  not  been  of  any  Immediate  practical  significance  to 
Navy  training  problems.  This  conclusion  should  not,  however,  be 
taken  an  an  indlctawnt  of  tha  entlra  learning  style  concept.  Research 
tn  this  field,  although  prolific,  has  not  yet  bacons  systematic, 
investigators  continue  to  be  surprised  by  the  resulre  they  obtain, 
end  new  and  potentially  relevant  psychological  paranaters  are  sareo- 
dlpltously  unearthad  with  regularity.  The  difficulty  dimension, 
for  example,  has  not  yet  been  the  subject  of  a  single  controlled 
experiment,  although  the  findings  of  several  investigators  cited 
earlier  suggest  it  may  play  a  critical  role  in  learning  atyle 
reaearch. 

Similarly,  the  instruawata  used  to  meaaure  potential  correlates 
of  learning  styles  have  all  been  developed  for  different  purposes. 

No  study  known  to  the  author*  of  thia  report  haa  evan  goo*  so  far 
as  to  examine  individual  taat  items  in  this  context. 


u 


e 

I 


T 


KAVTKADXYCZX  65-C-C271-1 


At  the  present  tlae,  research  In  the  learning  style  area  has 
produced  statistically  significant  findings.  Kean  achievement  dif¬ 
ferences  In  soae  of  these  studies  aay  even  have  been  of  sufficient 
alas  to  have  practical  value.  Still,  it  is  not  known  whether  these 
findings  would  atjnd  up  under  replication  —  auch  less  whether  they 
could  he  generalized  to  different  subject  natters  and  different 
atudent  populations.  Much  More  research  nust  be  done. 

While  the  findings  of  sons  recent  studies  have  not  been  parti¬ 
cularly  encouraging  with  respect  to  the  eventual  practical  utility 
of  indlvl  ualixlng  ' natruction  to  natch  learning  atylaa,  tha  next 
generation  of  resaarch  projects  nay  vary  veil  prove  far  aora  note¬ 
worthy.  It  can  certainly  La  said  that  auch  has  been  learned  about 
how  to  conduct  thin  type  of  study,  and  tha  eabaraaslngly  frequent 
blunders  detectable  by  hindsight  should  not  recur. 

D.  A  Methodological  Hots 

A  number  of  authors  reporting  research  In  the  area  of  learning 
atylca  have  used  correlational  data  to  test  hypotheses  regarding 
Interactions  between  learner  characteristics  and  treatment  variables. 
Where  differences  between  pradlctor-cr iter ion  correlations  have  been 
found  as  a  function  of  treatment  differences,  meaningful  Interactions 
have  bean  claimed. 

f 

Other  authors,  notably  Croobach  and  Snow  (1969),  have  bean  par¬ 
ticularly  harsh  in  reviewing  studies  reporting  correlational  data. 

In  discussing  a  study  by  Smith  (1962),  for  example,  they  describe  ss 
"a  major  fault"  tha  fact  that  "correlations  rather  than  regression 
slopes  are  Interpreted  (pp.  90,  92]."  They  further  describe  tha 
study  aa  "a  particularly  distressing  example  of  a  painstaking  and 
laborious  experiment  rendered  worthless  by  faulty  analysis  [p.  92]." 

In  the  same  report,  Cronbach  and  Snow  said  of  tha  precursor 
to  tha  study  reported  hare  (Tallaadge  at  al.,  1968)  that  "tha  unavatl- 
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ability  of  rc*tnilon  data  for  single  aptitude  '  arlablaa  manes 
detailed  Interpret  it U n  Impossible  at  thla  tire.”  This  itatiacu 
did  not  ivni  entirely  credible  and  a  declalon  waa  Bade  to  inveati- 
**te  the  Issue. 

Tl«e  absolute  value*  of  correlation  or  rrgressluo  coefficient* 
are  not  of  primary  concern  In  interaction  studies.  Lather,  dlffar- 
ercra  between  pilr*  of  theae  variable*  are  the  ltras  of  critical 
concern. 

Whan  testing  difference*  between  correlation  ccef 1 1c lent*, 
Fisher'*  .* ’  t ran* format  1.:  U  used  ::  t.T!»llte  the  data.  When 
correlations  are  nail,  however,  : 1  la  very  cloae  to  It*  correspond' 
lng  r  and  '  -  a'  )  la  even  closer  to  (r  -  r,).  Since  thla  type 
of  research  la  generally  dealing  with  both  relatively  isall  correla¬ 
tions  and  relatively  saLall  differences  between  correlations,  (r(  -  r.) 
Is  highly  correlated  with  the  statistical  significance  of  tha  dif¬ 
ference.  With  N  m  ”  53,  for  example,  a  correlational  dlfforenca 
of  .39  la  required  for  statistical  significance  (p  -  .03)  when  corre¬ 
lation  coefficients  arc  equally  but  oppositely  different  from  zero, 
as  opponed  to  a  difference  of  .37  when  one  of  the  correlation  coeffi¬ 
cients  la  zero. 

While  visual  Inspection  of  differences  between  correlation  co¬ 
efficients  can  yield  close  approximations  of  the  meaning!  ulnese  of 
theae  differences,  the  aame  is  not  true  of  differences  between  re¬ 
gression  coefficients. 

The  formula  for  a  regression  coefficient,  bt  Is  b  •  r  where 
r  ■  the  correlation  coefficient,  -  the  standard  deviation  of  the 
criterion  score,  and  cx  -  the  standard  deviation  of  the  predictor 
score.  Assuming  a  difference  of,  say,  +.10  to  -.10  between  predictor- 
criterion  correlation  coefficients  as  a  function  of  different  instruc¬ 
tional  treatments.  It  is  easy  to  see  that  thla  difference  con  ap par- 

* 

vntiy  be  magnified  where  criterion  score  variance  )  exceeds  pre- 
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dlctor  score  variance  (t£" )  and  diminished  when  prcdlctcr  acora  vtrl- 
anca  exceeds  criterion  acore  variance.  A  few  exaaplea  froa  t he 
preaant  atudy  will  help  to  llluatrate  thla  point. 

The  Eyaanck  Lie  acale  yielded  criterion  correlations  of  -.09 
for  the  Celestial  Navigation  Inductive  1’nderatandlng  treatment  and 
♦.01  for  tha  Celestial  Navigation  Deductive  Rote  treataent.  The 
aaall  difference  between  these  correlations  was  obviously  meaningless, 
yet  the  difference  between  tha  corresponding  regression  coefficients 
(-.4)  and  +.05)  was  misleadingly  large.  The  critical  ratio  for  thla 
dlfferenca  was  only  .52.  Similarly,  the  16  P T  Kora  Intelligent 
scale  pr.^duced  criterion  correlations  ot  .15  and  .34  respectively  for 
the  Celestial  Navigation  Deductive  Understanding  acd  Deductive  Rote 
treataent  groups,  while  the  corresponding  regression  slopes  were 
.97  and  1.88.  Again,  th.'a  aeealng  large  difference  was  not  statis¬ 
tically  significant  (critical  ratio  •  .2?). 

An  oppoalta  kind  of  relationship  was  found  for  the  Kuder  Scien¬ 
tific  acale  which  produced  criterion  correlations  of  .52  and  .08 
respectively  for  the  Celestial  Navigation  Deductive  Underatandirg 
and  Aircraft  Recognition  Inductive  treatmonr  groups.  The  large  dif¬ 
ference  between  these  correlations  appeared  to  he  .acaningful  and  was 
found  to  be  statistically  significant.  Tha  small  difference  between 
tha  corresponding  regression  coefficients  (.33  and  .05)  was  not 
apparently  noteworthy,  but  It,  too,  waa  found  eo  be  statistically 
significant  (critical  ratio  *  2.42). 

These  few  examples  should  make  it  abundantly  clear  that  differ¬ 
ences  between  correlation  coefficients  are  far  easier  to  Interpret 
than  differences  between  regression  coefficients  when  standard  devi¬ 
ations  at  a  not  presented.  Indeed,  the  only  time  when  regression 
coefficients  can  yield  information  which  is  prims  facia  more  meaning¬ 
ful  than  correlation  coefficients  is  when  the  treatment  has  a  signi¬ 
ficant  effect  on  tha  variance  of  criterion  acoroa  sod  tha  variance 
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of  predictor  ncore*  la  Identical  to  that  of  criterion  acorea  (both 
groups  pooled). 

Since  the  regression  coefficient,  t,  equal*  r  and  since  a. 

3t 

should  not  differ  frnn  treatscnt  x roup  to  treatment  group  (assuming 
random  assignment  of  Ha),  only  differences  in  r.t  could  enhance  the 
■eanlngfulncsa  of  differences  between  regression  coefficients  over 
differences  between  correlation  coefficients.  Such  differences  In 
nv's  could  certainly  result  fron  differences  In  instruct lonal  treat¬ 
ments.  It  haa  frequently  been  claimed,  for  exaaple,  that  null  step 
programed  Instruction  reduces  the  effects  of  aptitude  differences 
observed  following  conventional  or  even  large  step  progressed  In¬ 
struction.  While  existing  evidence  My  not  bs  sufficient  to  support 
this  hypothesis,  few  psychologists  would  question  ths  potential  of 
any  Instructions!  treatment  to  affect  ths  variance  of  achievement 
scores  as  well  as  their  mean. 

As  long  as  the  possibility  exists  that  instructional  treatment 
conditions  My  affect  the  variance  of  achievement  Mans,  this  hind  of 
treatment  Inpact  should  be  carefully  Investigated  and  reported. 

Such  differences  are  potentially  mors  significant  then  differences 
between  mean  achievement  scores  which  may  bs  due  to  May  extraneous 
factors  (e.g.,  the  deductive  course  writer  was  a  "better"  teacher 
than  ths  Inductive  course  writer). 

As  has  frequently  been  the  case,  the  theory  that  something  may 
be  —  and  its  existence  is  fact  —  did  not  coincide  as  far  as  data 
from  the  present  study  wars  concerned.  Correlations  vert  computed 
(end  are  listed  below)  between  the  critical  ratios  of  differences 
between  s'  transformations  of  correlation  coefficients  and  the  criti¬ 
cal  ratios  of  differences  between  corresponding  regression  coeffi¬ 
cients  for  the  following  grrwpe  i 

i*  Celestial  Navigation  Inductive  Understanding  vs.  Celestial 
Navigation  Deductive  Understanding  (i*  •  .9368). 
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•  C«las*lal  Navigation  Irvductw*  Cnderttsodlng  vi.  Calaatlal 
Navigation  Inductive  Hot*  (r  ■  .9)20). 

o  Ca'.catial  Navigation  Inductive  Note  ve.  Celestial  *rrl(a- 
tion  Deductive  Rot#  (r  “  .6998). 

o  Celestial  Navigation  Inductive  Rote  ve.  Aircraft  Recognition 
Inductive  (r  ■  .9866). 

"  Celestial  Navigation  Inductive  Rote  ve.  Aircraft  Recognition 
Deductive  (r  •  .9763). 

o  Celestial  Navigation  Deductive  Rote  ve.  Aircraft  Recognition 
Inductive  (r  •  .9S69). 

o  Celestial  Navigation  Deductive  Rote  ve.  Aircraft  Recognition 
Deduct iva  (r  -  .9227). 

These  deta  indicate  that  correlational  differences,  which  sight 
be  labeled  by  Cronbach  and  Snow  aa  "worthless,"  account  for  at  least 
812,  aa  such  as  972,  or  an  averaga  of  892  of  the  variance  of  statis¬ 
tics  which  naet  their  criteria. 

Examining  data  fvoa  this  study's  precursor  ylslded  highly 
similar  reaulta.  Th»  following  correlations  were  obtained  between 
critical  ratios  of  a  and  regression  coefficient  differences: 

o  r  ■  .9331  (Ti  .ms  porta  cion  Technique  Inductive  vs.  Trans¬ 
portation  Technique  Deductive). 

e  r  «  .9768  (Transportation  Technique  Inductive  ve.  Aircraft 
Recognition  Inductive). 

o  r  •  .9889  (Aircraft  Racognltloe  Inductive  vs.  Aircraft 
Recognition  Deductive). 

One  must  conclude  that  correlational  differences  eve  at  least 
highly  related  to  the  ultimate  "truth”  (aa  defined  by  Cronbach  and 
Snow)  of  differences  between  regression  elopes. 

One  further  point  wss  mentioned  earlier  but  is  deserving  of 
further  comment  here.  It  concerns  the  difference  between  ordinal 
and  disordlnal  interactions.  An  interaction  is  dieordinal  if  the 
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rreresslon  line  for  oor  treatment  crcaaea  tint  for  inotnrr  within 
tin*  r.initf  of  i  »|u  r  li  m  cJ  norra. 

To  ilo  s  t  .it  I  *.  t  Ira  1 1  v  lophlst  Ir-itrJ  ro.wJrr,  It  ehiuld  be  e“vU*us 
ili.it  if  M'.m  .irlilcvm  nt  score*  .ire  ldrntU.il  for  two  treatment 
i;foij|o«  Imt  r  it  ri'si  I  <m  -Hopes  are  different  —  t  hr  n  any  Interaction 
•uni  1«  Hnordln.il.  If  the  "main"  effect  of  any  experimental  vari¬ 
able  in  different  fro*  icro,  however,  the  regression  lines  are  less 
1  lkely  to  crons. 

As  was  pointed  out  above,  factors  such  as  the  respective  teach¬ 
ing  skills  of  different  course  writers  *ay  produce  between-treataent 
main  effect  differences  which  are  essentially  artiiiclai.  Such 
main  effect  differences,  although  artificial,  ray  change  Interactions 
which  would  he  diaordlnal  in  their  absence  into  ordinal  interactions. 
For  thin  reason,  care  sust  be  exercised  In  Interpreting  reported 
ordinal  interactions.  They  may  be  fully  as  meaningful  aa  diaordlnal 
Interactions. 
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Oti<*  nt.it  1st  l«  al  !>  ilanlficant  And  apparently  aexntnxful  Intvr- 
«ct  ion  w.m  found  In  liitM  stud;.  It  involved  learner  adjustment  or 
anxiety  level  and  Instructional  method*  in  Much  a  Manner  that  the 
acre  anxious  itarmra  perforned  significantly  better  under  Induc¬ 
tive  instructional  conditions  while  the  leas  anxious  lrarnera  per¬ 
formed  better  under  deductive  Instructional  conditions  (althou«h 
this  iectsr  difference  did  not  sctsln  the  p  <  .OS  level  of  etstls- 
tical  siftnif iesnee).  This  interactive  pattern  wss  consistent, 
although  not  necessarily  atat istlcslly  significant,  for  three  of 
the  four  adjustment-anxiety  measures  included  in  the  study  for  two 
subject  matters  and  for  tvo  typec  of  learning  (understanding  and 
rote) . 

Other  **atatletically  significant"  predictor-criterion  correla¬ 
tional  differences  wars  found  when  comparing  different  instructional 
treatments.  Because  a  large  number  of  ouch  comparisons  was  mads, 
however,  and  because  no  consistent  patterns  could  be  detected,  these 
differences  wars  rejected  as  probably  not  reliable. 

One  pert  of  the  study  reported  here  was  an  slnost  exact  repli¬ 
cation  of  part  of  sn  earlier  study  in  this  series  (Tallaadge  et  el., 
1968).  Rot  one  of  the  statistically  significant  differences  reported 
in  the  eerlier  study  recurred  In  this  research,  however.  The  possi¬ 
ble  occurrence  of  a  s'.udent-teacber  interaction  effect  In  the  earlier 
study  which  could  not  have  occurred  In  the  present  study  (because 
only  one  teacher  wss  Involved)  was  listed  as  the  most  likely,  although 
not  entirely  convincing,  cause  of  this  discrepancy.  In  any  rase,  the 
failure  of  this  study  to  confirm  the  results  and  conclusions  of  the 
earlier  study  led  to  s  sore  conservative  sod  parsimonious  interpre¬ 
tation  of  present  study  findings. 
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'.v»rnl  lirif  «orrel»tlc*n  coefficients  »»r»  f  Kind  r*Ut* 

m*  i  nil  i  v  I  dua  I  d  i  I  f  •*  r  r  nc  e  arnurM  to  criterion  ^rlomx*  under 
only  on*  tr<ial*c*nt  condition.  T iey  could  not,  krxr»»r ,  he  neeclac- 
tully  interpreted,  and  It  wee  concluded  th»t  they  should  not  ke 
Included  In  aniltiple  predictor  conpoaltee,  although  do  In*  to  would 
certainly  have  Increased  (the  apparent  "statist leal  al><V f lcance"  of 
the  f indinga . 

While  the  reaulte  of  thla  study  are  crtalnly  lese  esc  It  lop 
than  the  reaulte  of  the  earlier  study  appeared  to  be.  It  la  felt 
that  they  will  stand  up  under  replication  end,  consequent ly,  offer 
real  latte  support  tor  the  hypothesis  that  Individual  differences  In 
learning  style  exist. 
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A.  ffcoi <»od«t lens  for  Presrnt  Training 

It  has  hr  eo  tdtfd  flirvhtrt  la  this  report  that  the  tftMrch 
flirfl?;*  wtri  not  of  sufficient  aaanitude  to  support  ths  cost* 
effectiveness  of  individualising  instruction  on  ths  basis  of  learn- 
la«  style  differences*  Statistically  slcalficant  relationships  be¬ 
tween  learner  anxiety  end  teaching  net hods  vers  found,  however. 

It  is  not  inprobsbls  that  theaa  relationships  could  be  profited 
f roe  in  ths  usual  classroom  setting.  Vheie,  for  sample,  standard 
expository  techniques  are  trot  immediately  successful  in  producing 
the  desired  learning  for  a  significant  uuefeer  of  students  in  a 
class,  switching  to  an  inductive  instructional  node  night  represent 
ths  optiaun  strategy. 

Even  this  recommendation  ia  difficult  to  support  If  it  is 
aseuaed  that  some  cost  Is  associated  with  Its  implementation.  Ths 
research  results  produced  to  date  have  simply  not  been  sufficiently 
clear-cut  or  convincing  to  offer  a  strong  arguawnt  favoring  any  rim 
of  change  to  present  Instructional  practices. 

I,  lacoaaendatlona  fer  future  Itaaaarch 

While  the  results  of  the  present  study  sra  not  particulsrly 
laptessive,  they  are  based  oa  e  conservative  analysis  and  interpreta¬ 
tion  of  tha  data.  The  study  should,  therefore,  be  considered  as 
supporting  the  poncept  of  learning  styles  even  though  the  size  of 
tha  observed  effects  was  substantially  lean  than  had  been  expected 
os  the  heals  of  earlier  research  (Tall Badge  et  al . ,  I960),  further 
research  should,  and  certainly  will,  b#  undertakes . 

One  negative  finding  of  the  present  study,  namely  that  neither 
subject  natter  nor  type  of  learning  appeared  to  be  related  to  learner 
characteristics  by  instructional  asthods  interactions,  apparently 
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nrgateii  ihr  potential  utility  ot  furthc.  Investigation  of  these 
variable",  While  the  tut hors  would  not  accept  this  poeltlon  In  the 
abaence  of  replicnticn  or  otl.er  research  specifically  concerned  with 
subject  (utter  variable*,  they  would  concur  that  invest lgst ion*  of 
leerner-ccnte.-ed  variables  appear  more  promising  at  the  present  time. 

Nearly  all  research  in  the  learning  style  area  lai  employed 
Individual  dlfferenca  measures  developed  for  other,  ueually  specific, 
applications.  While  those  studies  which  tested  hypotheses  about 
aptitude  variables  have  been  well  served  by  such  Instruments,  studies 
concerned  with  noncognlt Ive  learner  characteristics,  especially 
personality  variables,  have  been  lest  fortunate.  For  the  suet  part, 
studies  of  the  latter  type  have  been  exploratory  rather  than 
hypothesis-oriented.  They  have  produced  statistically  significant 
findings  with  at  leaisit  the  same  frequency  as  aptitude-related  studies 
but  have  been  difficult  to  Interpret,  and  especially  to  compare, 
because  of  possible  nonlinearity  of  regression,  differences  In  "class 
medians"  between  studies,  and  other  contaminating  factors. 

It  Is  the  autoors’  belief  ti—C  tbs  Si-t  Signifies**  future 
developments  in  the  learning  style  area  will  involve  nonr»gnitlve 
learner  characteristics.  They  also  believe  that  specially  developed 
measuring  instruments  breed  either  on  item  analyses  of  existing 
teats  or  on  apeciflcally  formulated  hypotheses  will  be  moat  likely 
to  produce  meaningful  results. 

Keswick  (1969)  has  recently  pointed  out  certain  parallels 
between  the  learning  style  research  reported  by  Tnllmadge  and 
Shearer  (1969)  and  some  of  his  own  research  on  curiosity  (Beevick, 
1966;  1968).  He  has  suggested  that  possible  lntersctlons  between 
Intrinsic  motivstlon  (curiosity)  and  the  conditions  of  Instruction 
may  be  attributable  to  "conceptual  conflict"  with  both  subject  matter 
and  instructional  method  acting  as  moderator  variables. 
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According  to  Berwick's  theory,  hl|i>  c>«  tne  curiosity  con¬ 
tinuum  will  ov  powitltely  motivated  bv  instruct  tonal  treat*-nt  r  onC  1  - 
lion*  high  In  "conceptual  conflict"  —  condition*  wMch  wlcbt  be 
described  as  Intellectually  civallcng  in*  —  and  necat'/elv  fy?tlvjr*d 
by  low  "conceptual  conflict."  The  reverse  pattern  would  be  predicted 
for  ~s  low  in  curiosity.  Clearly,  relationship*  «e tween  conceptual 
conflict  and  type  of  learning,  type  of  subject  matter,  and  method 
of  Instruction  would  not  necessarily  be  unidirectional,  and  the 
latter  variable*  could  lcterect  In  many  way*  to  affect  the  concep¬ 
tual  conflict  of  an  Instructional  tieatment. 

Beewlck'n  hypothesis  regarding  the  motivational  effect*  of  con¬ 
ceptual  conflict  on  L'm  high  and  low  to  curiosity  would  readilv 
ac,,n«;nt  for  the  result*  observed  by  Bunderson  (1969)  and  by  Burton 
and  Coldbeck  (1962)  ea  a  function  of  treatment  difficulty  difference*, 
further  Investigation  might  reveal  other  apparently  conflicting 
result*  which  could  b*  explained  by  hi*  conception  of  curloeltv. 

Whether  or  not  Besvlck’s  complex  formulation  of  the  learning 
style  issue  prove*  valid.  It  1*  the  kind  of  theoretic.' 1  approach 
which  the  author*  believe  holds  promise  of  leading  eventually  to  a 
resolution  of  tha  many  still  unanswered  questions.  They  feel  it 
I*  now  clear  that  simple  solutions  will  net  be  found  end  that,  unless 
research  is  designed  to  test  specific  hypotheses,  muck  effort  will 
he  wanted  in  speculation  over  the  many  seeming  inconsistencies  in 
the  research  literature. 
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AFPDOIX 


UCCOLPTS  FROM  Til X  fOU*  CELtSTUl  KAV1CAT10R  COURSES 

(Thau  ncirptu,  taken  (roa  the  four  CtltitUl  navi¬ 
gation  count*,  all  deal  with  finding  the  distance 
(roe  the  obaanrar'a  true  position  to  the  Geographi¬ 
cal  Poeltloa  of  a  star.) 

O 
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CPLKSTIA1.  NAVIGATION  INDUCTIVE  UNDERSTANDING  course 

When  l 'm  nt.irtiilnn  si  ihv  Kwlh  role,  .it  what  altitude  will 
rnlarin  .iypc.tr  above  the  horizon?  Right,  It  la  90  decree*.  And 
what  (m  the  latitude  of  the  North  To!*?  Rlcht,  It  la  alao  9<1 
drzree*.  Wlten  I'a  standing  at  the  North  Pole,  how  aery  decree*  aa 
I  away  ( roe  the  point  on  earth  directly  beneath  Polarla?  Right,  I 
aa  aero  deftreea  away.  When  I  aas  at  and  1 04  at  the  equator,  how  aa  try 
degree*  la  Polaris  above  the  horizon?  tight.  It  la  right  on  the 
horizon  or  zero  degree#  above  it.  Vhat  la  the  latitude  of  the 
equator?  Right,  It  la  zero  degrees.  Now,  —  how  aany  degrees  ewav 
f row  the  point  cn  earth  directly  beneath  Polarla  aa  1  when  1  aa  at  end¬ 
ing  st  the  equator?  Well,  If  I’a  zero  degree#  sway  when  l*n  standing 
at  the  North  Pols  (and  Polaris  la  90  degrees  above  the  horizon),  then 
when  I’a  standing  at  the  equator  (and  the  altitude  of  Polarla  la 
zero  degrees  and  ay  latitude  la  taro  degrees),  how  far  away  am  1  froa 
the  North  Pole?  Isn’t  that  the  aaae  distance  1  aa  away  froa  the 
point  directly  beneath  Polaris?  Night,  when  I  aa  standing  at  the 
equator,  the  altitude  of  Polaris  above  the  horizon  la  zero  degrees, 
ay  latitude  la  aero  degrees,  ard  ay  distance  froa  the  point  on  earth 
directly  beneath  Polarla  la  90  degrees.  There's  a  relationship  here 
between  the  seasured  altitude  of  Polaris  above  the  horizon  and  ay 
distance  froa  the  point  directly  beneath  Polarla,  the  North  Pole. 

Forget  about  Latitude  for  a  alnuta,  who  can  tall  aa  what  the  relation¬ 
ship  la?  light,  ay  distance  froa  tha  North  Pols,  or  the  spot  direct¬ 
ly  beneath  Polarla  is  90  degrees  sinus  the  seaaured  altitude  of  Polaris 
above  the  horizon. 


*  This  inductive  course  was  designed  to  elicit  and  react  to  student 
responses.  The  word,  "Right,**  la  used  hare  under  the  assuaptlon  that 
at  least  one  student  answered  the  preceding  question  correctly  (and 
puzzled  expressions  did  not  appear  os  too  aasy  faces).  The  entire 
aonologue  froa  this  point  on  would  have  bees  different  if  the  question 
had  not  been  correctly  answered. 
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CELESTIAL.  NAVIGATION  DEDUCTIVE  VJTOUSTANDING  COCtSE 

When  I  n  ataodlog  at  tha  North  Pole,  PoLarla  ia  90  degreea 
abovr  tha  horizon.  Thie  eeana  that  when  PoLarla  ia  90  degreea  above 
tha  horizon,  I  aa  zero  degrees  away  trrm  tha  apot  directly  under- 
naath  Polarla.  If  I  aa  standing  at  tha  Equator.  Polarla  la  zero 
degree*  above  tha  Equator,  but  1  aa  90  degree*  away  froai  tb*  apet 
directly  beneath  Polarla.  Remember ,  the  latitude  of  the  North  Pol* 
la  90  degree*  north.  Tha  latitude  of  tha  Equator  la  zero  degree*, 
day  placa  I  may  ha  la  tha  Northern  Hemisphere,  I  can  find  how  many 
degree*  I  am  away  from  tha  North  Pol*  by  aubtractlng  my  latitude 
from  90  degreea.  If  I  aa  at  tha  North  Pol*,  1  aubtract  ay  latitude, 
90  degreea ,  from  90  dagraaa  and  get  zero  degreea.  TMa  mean*  that 
t  aa  aaro  degreea  away  froa  tha  apot  oa  earth  directly  beneath 
Polarla.  If  I  aa  at  tha  Equator,  1  cam  aubtract  ay  latitude,  zero 
degree* ,  froa  90  degree*  and  find  that  Z  aa  90  degree*  away  froa  the 
apot  on  earth  directly  beneath  Polarla.  If  my  latitude  la  40  degree*, 
I  can  aubtract  that  froa  90  degree*  and  find  tnat  I  aa  50  degree* 
away  froa  tha  North  Pol*,  tha  apot  on  earth  directly  beneath  Polarla. 
Bow  rcaeabar  that  latitude  la  equal  to  the  maaaured  height  of  Polarla 
froa  the  horizon,  ao  that  to  find  out  how  far  1  aa  awa.t  froa  the 
point  on  earth  directly  beneath  Polarla,  I  aaaaore  the  height  of 
Polarla  above  tha  horizon  and  aubtract  that  froa  90  degreea. 
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CELESTIAL  NAVIGATION  INDUCTIVE  ROTE  COURSE 

Another  navigation  problea  which  ve  will  cover  toddy  has  to  do 
with  finding  the  true  distance  frca  a  apeclflc  location  to  the 
tu-ographica  l  Position  of  a  star,  when  you  know  the  altltud'  of  the 
star.  Suppose  that  the  altitude  of  Vega,  Measured  fro*  your  loca- 
lion,  in  77  degrees.  How  far  are  you  froa  the  CP  of  Vega? 

(Write  the  follovlnit  euaple  on  the  chalkboard:) 

Altitude  of  Vega  “  77* 

90*  13 

•77*  x  60 

13*  780  oeutlcel  alias 

So  you  are  locat*  80  nautical  alias  froa  the  C P  of  Vega. 

Let's  try  another  exag  a  Suppose  the  altitude  of  Pollux,  Measured 
f rota  your  location,  la  84  degrees,  20  Minutes.  Ilow  far  are  you  froa 
the  CP  of  Pollux? 

(Write  the  following  on  the  chalkboard:) 

Altitude  of  Pollux  -  84*  20' 

90*  00' 

-  84*  20' 

Since  1*  ■  60  Minutes  we  can  writs  our  problaa  like  this: 

89*  60'  3  300 

-  64*  20*  x  60  ♦  40 

3*  40'  300  340  Msutlcal  Miles 

So  you  are  340  nautical  alias  froa  the  CP  of  Pollux. 

Let's  look  at  one  More  maple.  Suppose  you  aeaeure  the  altitude 
of  Altalr  end  find  it  to  be  60  degrees,  14  alnutas.  Wa  can  write 
oar  p rob lea  like  this: 

90*  00' 

-  68*  14* 

Since  there  ere  60*  in  a  degree,  we  can  write  oar  p  rob  Ira  like 
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mirrni.  KAVICATIOH  DfDCCTIVE  10TZ  COUUSE 


Another  navigation  problem  vMch  w«  will  cover  today  has  to  do 
with  finding  the  true  dlatance  from  a  specific  location  to  the  Geo¬ 
graphical  Position  of  a  atar,  given  the  altitude  of  the  star.  To 
find  that  distance  you  flrat  subtract  the  altitude  of  the  atar  above 
the  ho r laoti  (which  you  would  ordinarily  aeaaura  with  a  sextant)  froa 
90  degrees,  and  then  convert  the  obtained  difference  Into  nawtlcal 
alien.  Suppose  that  the  altitude  of  Vega,  aeasured  froa  your  loca¬ 
tion,  la  77  degrees.  How  far  are  you  froa  the  C?  of  VegaT  First, 
you  would  subtract  77  degrees  froa  90  degrees  to  get  13  degrees. 

The  next  step  la  to  convert  13  degrees  to  nautical  alias.  It  just 
so  happens  that  1  degree  equals  60  nautical  alias,  so  you  would  aultl- 
piy  the  number  of  degrees  by  60.  So,  13  x  60  *  780  nautical  alias, 
it  la  780  nautical  alias  froa  the  spot  where  yon  aeasured  the  alti¬ 
tude  of  Vega  to  the  C?  of  Vega  (which  la  the  point  directly  beneath 
Vega).  Let's  try  another  example.  Suppose  you  measure  the  altitude 
of  Altalr  and  find  It  to  be  60  degrees,  14  ainutea.  Lat'e  look  at 
how  we  do  that.  Va  can  write  our  problem  Ilka  thla: 

90*  00* 

-  68*  14* 

Sines  there  are  60  alontaa  In  a  degree,  wa  can  borrow  a  degree 

froa  90  degrees  and  convert  it  to  60  ainutea.  low  oar  problaa  looks 

Ilka  thla i  89*  60' 

-  68*  14* 

21*  46» 

and  wa  can  proceed  with  our  subtraction  to  obtain  21  dagrees, 

46  alautas.  Since  1  degree  equals  60  nautical  alias  and  1  minute 
equals  1  nautical  alia,  to  convert  21  degrees,  46  alautas  to  nauti¬ 
cal  alias,  wa  simply  aultlply  tba  number  of  degrees  by  60  and  than 
aid  to  that  tba  number  of  alautas.  21  a  60  »  1260  sad  to  that  wa 
add  46  to  obtain  1306  nautical  alias,  which  ts  tba  distance  from 
oar  location  to  tba  CP  of  Altalr.  Ton  subtract  the  altitude  of  the 
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Hum*  Factor*  Laboratory 

toot  n  Hanrel  Training  Device  Center 

\  Orlando,  Florida  32813 

.  .  -rj—  Thta  la  the  fourth  In  a  aerlea  of  research  project  a  aiaad  at  determlniag 
whether  learning  night  be  enhanced  by  employing  laa  true  t  loon  1  method  a  which  differ  In 
design  and  nae  ae  a  function  of  learner  characteristic*,  laeed  on  lnfereacn  drawn 
from  atudiea  in  thia  aerlea  and  other  research  literature,  a  model  was  developed  Sa¬ 
ab  ling  the  simultaneous  examination  of  the  effects  of  learner  characteristics,  types 
of  learning.  Instructional  methods,  and  subject  matrer  varlablea  on  achievement. 

Each  of  ala  experimental  courses  was  adslnistared  to  between  67  end  6<T levy  enlisted 
men  who  were  previously  tested  with  instruments  which  yielded  a  total  of  3V  amaewrea 
of  aptitude,  interest,  sod  personality  characteristics.  Correlation  and  retressloa 
analyses  revealed  no  consistent  and  messing ful  latsractlve  rslatloaablpe  mating  be¬ 
tween  learner  charactarlatica  and  types  of  learning  or  types  of  subject  matter^' These 
analytes  did.  however,  reveal  en  apparently  consistent  and  meaningful  iateractlAa  be¬ 
tween  learner  anxiety  level  end  method  of  instruction  (inductive  va  deductive).  tmlle 
the  magnitude  of  tha  observed  relationship  was  not  sufficiaat  to  give  premise  of  iame- 
dlata  practical  application,  it  was  concluded  that  the  research  supported  the  exist¬ 
ence  of  individual  differences  la  learning  style. 
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